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Bunyck 42

UCCJIELOBAHUY TPUPO/IbI
®OTOIPA®PHUYECKOU
YYBCTBUTEJIBHOCTH

Mon peanaxuuneh

AOKTOpa XHMHYECKHX Hayk, npodeccopa K. B. YUBUCOBA
M KauaHaata XHMHYeCKHX Hayk, aouenta B. M. IUEBEPCTOBA

Otaen Hayuno-texuuueckoit Mndopmaunun HUKOU
MockBa—196

(0

Declassified in Part - Sanitized Copy Approved for Release 2011/11/15 : CIA-RDP80T00246A063100080001-2



Declassified in Part - Sanitized Copy Approved for Release 2011/11/15 : CIA-RDP80T00246A063100080001-2

NPEAHWCJTOBHUE

B Hacrosmem Bunycke «Tpyaos Bcecowsnoro Hay4YyHO-HCC/Ie0BaTe b-
CKOro KHHO(OTOHHCTHTYTa» ONMyGIHKOBAaHW PaGoTh COTPYAHHKOB na6opa-
TOpHH TeOpHH ¢oTorpaduyeckux npoueccos HUKOH.,

Ilepex na6oparopueir B nocaenHHe roa CTOsIa 3ajdaua HCCAENOBA-
HHA (H3HYECKOA NMPHPOAM M MeXaHH3Ma (OPMHPOBaHHSA ¢ororpaduye-
CKOH 4YBCTBHTENBHOCTH TaJIOPeHHIOCEPESPAHBX IKEJaTHHOBHWX CJOEB.
[Tpu pewennn 3T0M 3agaun MB HCXOAMIH M3 TOM NPEeAnoChiJIKH, 4To KO-
HCYHAA HYBCTBHTEJILHOCTL CJIosi (GOPMHPYeTCss BO BCeX CTaausx (ororpa-
¢HueCKOro rnpouecca, HauHHas C MOMeHTa CJAHBaHHs pacTBopoB mnpH
IMY/IbCHOHKALMH M KOHYast CTajlHeil MPOSBJIEHHS CKPHITOrO H306paXKeHHs.
B cBA3x c 3THM B J1aGopaTopuuM Ghlia mpoBefeHa pa6ora no Hccareno-
BaHHIO MexaHH3Ma ¢oTorpadpHueckoro mpouecca Bo BCeX €ro CTamHsX.

B Hacrosmem cGophuke ny6anKyioTcs HEKOTOphle pe3yJbTaThl, MO-
JIydeHHble B J1a6OpaTOPHH 3a NOC/edHHe TOAW (B AaJjbHeflem nyG6JH-
Kauus pesysbTatoB paGor JaGopaTopun Gyaer NpPoAo/IKeHa B CJELylO-
wux seinyckax Tpyaos HUK®H).

B nepsoit craThe 31Oro0 c6opuuka (aBrop K. B. Yubucos) paccmar-
PHBAIOTCA (QHM3HKO-XHMHYECKHe NpeBpalleHHs NpH (QOPMHPOBAHHH TBep-
70ft  ¢asn  ranorennaocepe6psHbIX  ororpadHUECKHX sMyascHfi, B
CTaTbe MOKa3aHa 3aBHCHMOCTb (OTOrpaHYecKoil HyBCTBHTENBHOCTH OT
TeX TOHKHX H CBOEOOPa3HHIX (PHIHUECKHX M XHMHYECKHX IPOIECCOB, KO-
TOpnle MPOTEKAlT KAaK Ha MOBEPXHOCTH, TaK M B IVyGHHe 3MYJbCHOHHBIX
MHKDOKPHCTAJIJIOB NPH CO3peBaHHM (OTOrpagHUeCKHX 3SMYAbCHA M npu
06pPa30BaHHH CKPBHITOTO H306PaXKEHHSL.

Cratps K. B. Uubncosa u A. JI. KapnoBoft uanaraer peayibTaThl
HCCIe0BAHHA XHMHYECKOH NPHPOABl ¢oTorpadHYecKofi AaKTHBHOCTH JKejla-
THHB — BEULCTBA, KOTOPOMY raJioreHHaocepeGpsinbie ¢ororpaduyeckne
CIOH B 3HAYHTENIbHOH CTemeHH OO0A3aHbl CBOeHl BHICOKOM CBETOUYBCTBIH-
Te.TbHOCTBIO,

Cratou U. M. Pathep («[leiicTBHe cosefi HHEpPTHHIX MeTa/IoB Ha
KHHETHKY M3MEHEHHs BYaJiH B NpOLECCe XMMHYECKOro co3peBaHHs ¢oTo-
rpaguueckoil SMyJbCHH» W «BJausiHHe coeft 3ovI0Ta W MJIATHHH Ha CTPYK-
TYpPy cepeGpsiHBIX 4YACTHU») MOCBALEHH BeCbMa BaXHOMY B NpaKTHUe-
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€KOM OTHOUWIEHHH TMPOLEeCCY XHMHYecKof ceHcHOuaU3auuu dotorpaduuc
CKH\ IMYJIBCHH COJIAMH 30J10Ta H APYrHX HHEPTHHIX METaJJIoB.

3aksmounTesibHas ctatha cGopHHka (asrop B. H. IllleGepcros) cym-
MHpyeT pe3yJbTaThl pa6oT aBTOpa 3a psAj JieT B 06.,aCTH HCC/1e0BaHHs
JHePrHH aKTHBALMK npofAsJeHHa Qororpadiueckux c¢Joes. B cratbe no-
Ka3aHo, 4To HauGoJiee BaXKHOe C NMPaKTHYECKOH CTOPOHH CBOHCTBO NpoO-
fABHTE/Ief—CeJIeKTHBHbIIT Xxapakrep ACHCTBHA Ha ¢oTorpaduueckde CJOH --
06yCJIOB/IEHO Pa3/IHYHAMH BeJHYHH 3IHEeprHH aKTHBAUHH NpossJieHHs $oTo-
rpadirieckofl ByaqH H H300pa<eHHs,

PEJAKTOPbl CBOPHHKA

Yaen-xoppecnonnenr Axaxemun Hayx CCCP, noxtop XxMMHueckux Hayk,
npodeccop K. B. YHBHCOB u crapwnid mayunmii corpyannx HHKOH,
KAMAMAAT XHMAueckux Hayx, aouenr B, H. WEBEPCTOB
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K. B. YHBHCOB

®U3HKO-XHMHUYECKHE TNMPEBPALLEHHSA
NMPH ®OPMHPOBAHHH TBEPJAOR ®A3bl
POTOTPAPHUYECKOA IMYNbCHH

Corepxanue

I Baeenwne.

2. JloKkaan3auus nponeccoB NpH 06Pa30BANHH CKPHTOTO H306paKenus.

3. [lse craaun cospesanns dororpaduueckoi IMYIbCHH.

1. Bosunknosenune 1edekToB pemerks B aMyInCHONNBX MHKPOKpPHCTaNNAX.

5 TonoxuMHUYeCKHEe peakuMn B CTAJHH BTOPOrO CO3PCBANMA.

t O6pa3oBanHe M XHMHYCCKAA NPHPO1a NPUMECHWX UCHT)OB.

7. Poan cepHHACTHX CeNCHOHANZATOPOB 1IPH CO3PEBANHH IMY.IbCHH.

N. VuacTHe KeaaTHHBN B NPONECCAX CO3PEBANHA IMYIhCHH.

Y CHeRTPaibubie CBOACTBA ONTHYECCKH HECEHCHOHAUBHPOBANILX IMYILCHA,

19 CTpykTypa npHMecnwx ueHTpoB U UX QYHKUHH.

1. Bausnne tonorpaduu Jokaannux uapynienuit na dororpaduueckHe cBoi-
CTHA 3IMVIhCHH.

12. 3oaotan cencnbuanzauns Gororpaduueckoi MY abCHH.

13. Kpatkoe ofobmenne npeicrasiennit o npupote dotorpaduyeckoi uyscr-
BHTCILHOCTH,

14. JInreparypa.

1. BseneHue

CvuecTByeT MHOro (akTopoB, YKa3nlBalIMX, YTO CBETOUYBCTBHTE/h-
HOCTh oTorpadnyeckoit (ra.oreHH10cepe6PAHON  KeTaTHHOBOR) 3MYJb-
CHIf CBSI3aHA C TOKAJbHBIMM HADYUICHHSMH B SMYJIbCHOHHBIX MHKPOKpH
¢Tajlnax, # NPHTOM He TOJIBKO ¢ COOGCTBEHHBIMH HECOBEpLIEHCTBAMH KPH-
CTATHYCCKOR peUIeTKH, HO H ¢ HMHOPOAHBIMH npumecsmH. To H apyroe 3a-
MOTHO BJIHACT Ha ypoBeHb CBETOUYBCTBMTEJIBHOCTH, MOITOMY HX 06pa3o-
WAHHE lIpedcTasisier HauboJiee BaXKHYl0 CTOPOHY (ODMHpOBaHHA TBep-
A0R daspl QoTorpadHuecKon 3MYJIbLHH.

B cuasn ¢ 3THM ObliM mpoBeeHbl CHCTEMAaTHUECKHe HCCAEA0BaHS
119 BbIACHCHHS BJHAHHA Pa3dHOOGpa3HbiX (aKTOPOB Ha CBOHCTBA 3My.Jib-
CHH H, 0TCIJ1a, Ha Xapakrep (PHIHKO-XHMHUECKHX MNpeBpalleHHi, nport.-
KalolllHx B ee Teepaoi ¢ase. B HacToswiedt cTaTbe COAEPKHTCSH CBOJAKA
OUCHOBHBIX DPe3YJAbTATOB H TCOPETHYECKHX MO.10KeHHH, HAKOMJIeHHbiX 1
1pouecce THX HCCICROBAHHUM.

2. Jlokaausauus npoueccos npu o6pazoBanuu CXPHTOro H306paxeHun

an HCCJIeNOBAHHH TMOBE1EHHA KPYITHbIX KpHCTAJAJIOB TaJIOTEHHAO0:3
cepe6pa, NOJYyYeHHBIX H3 pacmiaBa, o6Hapyxewo [1], uto BHigeseHue
(POTO.THTHIECKOTO cepebpa HJIH BO3HHKHOBEHHE CKPHITOTO H306paXKeHHA
POHCXOAAT B 30HAaX OeCMopsifika no rpaHHUAM CMeXHbix GJIOKOB MOJH-
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3apHYecKofi CyGCTPYKTYpH. 3HAUYHTENIbHO paHee TNpoBefieHHble MHKPOCKO-
nuyeckHe HabJIONeHHS HajJ TNOBeJleHHeM HHAMBHAYaNbHLIX 3MYJbCHOH-
HbIX KPHCTa/JIOB Mokasaiu [2,3], uTo BHAHMBle OTJOXEHHA cepebpa B
HayaJbHOM CTaauu (OTOH3A HJIM TPH KOPOTKOM TNPOSIBJAEHHH CKPHTOFO
H306paXeHHs TaKXKe COCPEJOTAYHBAIOTCA B OTAJIbHHIX YyYacCTKax, MNpo-
HCXOXK/IEHHE KOTOPHIX MOXKeT OhTb OGbfCHEHO HAaJHYHeM JIOKAaJbHbX He-
COBEpIIEHCTB, T. e. CBOEOOPa3HO#l Cy6CTPYKTYypoll TakHx Kpucramros. Tak
KaK B3aHUMOJEACTBHe JyudcToit 3ueprum ¢ AgBr npeacrabaser coGo#
OTPHIB BaJIEHTHHX 3JEKTPOHOB OT HOHOB OpoMa, 3aHHMAIOLIMX AHHOHHHIC
y3JH pelleTKH, TO CONOCTaBjeHHe OTMEYeHHHX (aKTopoB 3acTaBisfer
cles1aTh BHIBOI, YTO BO3HHKHOBEHHe COGCTBEHHO CKPHTOrO H306paeHHN
NPOMCXOAHT B pe3y/bTaTe BTOPHYHLIX INMPOILECCOB, COBEPIUAIOLIHXCA B He-
COBEPLIEHCTBAX 3MYJIBCHOHHBIX MHKPOKPHCTaMM0B. [ToCKOVIBKY BTOpHUHHE
npouecch Kak Obl 3aKPenysioT JAeACTBHe CBeTa, €CTECTBEHHO CUYHMTaTD,
YTO HMEHHO OHH OCYLIECTBJSAIOT CBOEro poja «3alNoMHHaHHe» d¢ororpa-
(HYECKHM CJIOEM ONTHYECKOro H306paXKeHHs.

Takum 06pa3oM, JBa CaMOCTOSITE/IbHBIX BH/Ia MPOLECCOB, BEAYIHX K
06pa30BaHHIO CKPHITOrO H306pakKeHHs, NpoTeKaloT B pa3Hbix ofjacTax
raJloreHHaocepe6pAHbIX KpHCTAJJIOB: MEePBHYHBIA [pouecc COBEpPLIAETCH
BHYTPH MOHOKPHCTaJIyecKHX G6JIOKOB, TOrna KakK BTOPHYHHE npouecch
JIOKAJIU3YIOTCA B CTPYKTYPHBIX HapylieHHsix KpHcTasaos. ClenoBaTesbHo,
xapakTepHasg OCOGEHHOCTb 3MYJbCHOHHHX MHKPOKPHCTAJOB, ONpeAensio-
uasg HX (OTOXHMHUECKHe CBOACTBA, 3aKJIOYaeTCss B HAJHYHH B HHX
MHOTOYHCJ/IEHHBIX AeeKTOB CTPYKTYPH. 31O MNOATBEPXKAAETCS CAEAYIOLULEM
HaGJI0IEHHEM: MOXKHO INPHTOTOBHTb 3MYJbCHH, ORHHAKOBHE M0 COCTaBy
H JHCMepCHOCTH TBepAod ¢a3bl, HO Pe3Ko OT/MualolHecs no ¢ororpadhu-
yeckum cBoitctBaM. HHBIMH clloBaMu, nosejieHHe IMYJIbCHOHHBIX MHKpO-
KPHUCTAJ/JIOB 3aBHCHT OT ocoO6eHHOCTEA HX BTOPHYHOA CTPYKTYpH, T. €.
AIBJSIETCH MNpOSIBJEHHEM HX CTPYKTYPHO-YYBCTBHTEJNbHBHIX CBOACTB.

IMpeacrapasasa co6ofi peaJiblble KPHCTaJJIb, 3MYJbCHOHHHE 3epna Mo-
ryT coJepXaTb JiBa THMa JOKaJbHHX HapyweHURA: coOCcTBeHHHe JAe-
(eKTH pelleTKH H TpPHMecCHble — HHOPOJAHHE BKJIOYEHHST (NMpHMECHpe
ueHTpol). TloaToMy pand TeopeTHUeCKHX M MPHKJIAAHHX 3aj4ay BaXHO
3HaTb CTAaJHH H MeXaHU3M o6Gpa3oBaHH{ TeX H JAPYIMX JIOKaJbHHX Ha-
pyLIeHHH.

3. 1Be cranuK co3peBanua QortorpadHUecKon IMYAbCHM

dopmupoBanue TBep10ft ¢a3bl IMYJIbCHH OCyLIeCTBJIseTcd, Kak Mnpa-
BHJIO, B JIBe CTaJHH CO3PEBaHHUA, OT/HYalOLHecss Mo cBoefi (PHIUKO-XH-
muyeckoli mpupoge. Iloxkasano [4], uto nepBoe co3peBaHHe NpelCTaBJfeT
co60fi KPHCTAJIIM3aLHOHHBIA Mpouecc, YTo Jerko O6GHAapyXHTb Mo H3Me-
HEHHIO JIKCNEPCHOCTH TBep10# ¢a3bl. B ciayyae OTHOCHTEJNbHO MAJOMMC-
MepcHbiX (HEraTHBHBIX) 3MY.IbCHA 3TOT MPuUEeCC BO BTOPOM CO3PEBAHHH
3KCMePHMEHTAAbHO He Hab.1io1aercs.

Onbith [5] o4yeHb NPOJAOIKHTEIBHOrO BTOpOro co3peBaHus (ao 14-TH
YacoB) MOJATBEPAHJIH HEH3IMEHACMOCTb JAHCHEpCHOCTH TBepaofi ¢a3n B
s7oit craaud. OjHaKo, Kak Obl10 Nnoka3daHo (6], 3Ta 3akoHOMepHOCTb Aefl-
CTBUTE.ILHO CIIPABELIHBA TOJBKO ;118 MAJOJAHCNEPCHHX 3MYJAbcHR (mpH
cpe/HeM pa3Mepe MHKpoKpHcTadioB ~ X = 0,5p?). B cayvae ke owenn
ME.IKO3ePHHCTBIX 3MYJbCHH BO BTOPOM CO3peBaHHM HaGJI0AdeTcs OTHeT-
JIMBOE H3MEHeHHe AHMCNEePCHOCTH TBepAo# $a3nl (HanpuMmep Ha NpOTHXKe-
HHH 6-TH YacoB co3peBaHHsi 3HaueHHe X H3MmeHHJoch ot 0,05 10 0,11 p%),
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 TOM JIAHHBLI MpOLECC YCHJAHBAETC C MOBbINIeHHeM JAHCMEPCHOCTH
“w HH,
‘hpasoBaHue TBepAoH (asbl IMY.IbCHH NMPOU3BOIHTCH of6blyHo MNyTEM
WHH BoHHoro o6Mena. (.1e,10BaTe1bHO, CYUICCTBEHHbIM 1A aTou
HH SBJSCTCH NpeloXpPaHeHHe YACTHL raJjoreiuaa cepebpa or arjo-
AUHI W KoaryJasinHi. DTy (QVHKIHIO BBINOHSET XKe1aTHid, MOJEKYJb
poii IPOYHO a/cOpOHPYIOTCS Ha MOBEPXHOCTH 3MY.IbCHOHHBIX MHKpO-
weractos 7). TIpouHoCTb a1copOUHH O6BACHACTCS, 110 BeeH BCPOATHO-
i, 0OpasoBalHeM KOODMHHAIMMOHHLIX CBsizell 1B Pe3yJbTaTe JOHOPHO-

ACITOPHOTO B3AHMOICHCTBHSL  MeXK1y  YHKIMONAIbHLIMK - rPYNNavH
we A THIN B PEAKLHOHHOCTIOCOBHBIMI IC(EKTAMI  KPHCTAITHYECKOH  pe-
A TRM,
S
150 7 b
7

w R . & {40
P ]

< &
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50t \/‘\/:‘ 15}
00} ﬁ _/” 10

4 2 3 1 2 K] @2l
Puc. 1. Uamenenne ¢otorpaguueckux CcBOHCTB
3MYJIbCHH NPH OTCYTCTBHH WKeEJaTHHL B 1EPBOM
cospepalnu (Muxa#iiosa)

]--amMMHaunag AgBr — 3MyabcHS, IMYALCHOHKAUNR—] MHH. W
nepsoe co3peBaHHe 6e3 XeaaTHHB—30 MHH., 34TeM BBOAKTCH
XEeARTHMHR W MPOLOIKAETCA nepsoe co3penanne; |l—aumuay-
Has AgBr—IMyaAbCHS, 9MyAbCHPHKAuHS—1 MHM. €3 XKeraTH-
Hbl, 3aTeM MPOAOANAETCH cCO3pepaHHe C XeaaTwuod; 111 —
AgBrl — 9MyabcHs, IMYIbCHPHKALHE 1 MHH, (€3 XEeAATHHMH,
9aTeM MPOACAKAETCE CO3PEBAHME C XENAaTHHOA. Bpems nep-
BOrO CO3PeBaHHs € MeAaTHHOM: /.15 mun.; 2, 30 uun.; 3. 1 yac;
4. 2 waca; 5.3 uaca; 6. 4 waca; 7.6 uacos. KoHueuTpauns
KeNaTHHH B nepsoM co3pesanws — 2.¥/,; KonuenTpauna xe-
AATHHH BO BTOPOM co3peBanuw--T',

CrneunaJbHO MOCTABJEHHble HAMH ONbBITHl MOKa3aJjH, 4YTO XKeEJATHHA
OCVILCCTBIISET 3aLIMTHYIO QYHKUHMIO, €c/iH OHAa MNPHCYTCTBYET B CTalHH
NepBOro CO3PeBaHHs € Hayaja pocTa 3MY/IbCHOHHbIX MHKPOKPHCTAJIOB.
Ecu naxke KOpoTKoe BpeMsi (HanpHMmep 5 MHHYT) MepBoe CO3peBaHHE
NpoBOAHTL 6e3 XKeJaTHHbI, 3aTeM BBECTH XX€JIaTHHY H NPOAOJKAThL CO-
spesatue (Hanpumep 30 MHHYT), TO C CaMOro Hauajla BTOpPOro Co3peBd-
nis Ha6Jlojaercs cHJbHasi ByaJb. [locieanss yMmenbluaeTcss ¢ COKpa-
HIEHHCM BpPEMeHH MCPBOro co3peBaHHsi 6e3 XeJaTHHBI M YAJHHeHHem CO-
JpeBalUA ¢ JKeJATHHOM (CM. 3KCMepHMeHTaJIbHble JlaHHble Ha pHC. 1).

TaxHM 06pa3oM, MOJIEKYJbl JKeJaTHHbI He 3alOJIHAIOT, OYeBH/IHO, Beell
MOBEPXHOCTH MHKPOKPHCTAJJIOB, XOTA W 06pa3yloT BOKPYT HHX 3aLIHTHYIO

7
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060/104Ky (ceTKy) [8]. DTHM obbactscTC CBOGOHHA POCT KPHCTAAROS
H BTOPHYHhHIC an(‘op()unmmuc ARTCHHA, ll&l().’]K),'lilthl(‘ B obeux CTaaMax
CO3pEBaHHA.

4. Bo3HHKHOBeHHe AePEKTOB PEUWIeTKH B 3MYJbCHOHHLIX
MHKPOKPHCTaJAax

XoTsa npu GOpMHPOBAHHH 3IMV.IbCHOHHBIX MHKPOKDHCTAJJIOB YCJIOBHH
CTECHEHHOTO POCTA OTCYTCTBYIOT, CVUICCTBYeT Psijl NPHYHH, BeAYWHX K
O3HHKHOBCHHIO CVOCTPYKTYPbl, KOTOPas, BEPOATHO, B HEKOTOPOH CTENeHH
nogo6Ha 6J04HOII B MakKpoKphcTad1ax. (O6pasosBatide 3apoabliled H pocT
MHKDOKPHCT4.LTOB TAJOTCHH10B cepeOpa NpoTeKaloT ¢ HCKOTOPHIMH pas-
JHYHAMH B 3aBHCHMOCTH OT YCJIOBHH cpeldbl (COOTHOLIEHHe raJIoreHHAos,
KOHUEHTPAUWs peareHToB, TeMnepaTypa W Ap.). MoxHo yKa3aTp Ha cae-
AyIolHe THMHYHBE CAYyYyaH.

Puc. 2. .Tpasaeune® 1%-unm pactBopoM Na,S,0; xpuctaasa AgBr, Bupocuiero na
cKke1eToro o6pazosanus. PorTorpagupoBanHe NPOHIBOAHIOCH Kakane 3—35 MUK
ysea. 2000 (Kpaym [16])

Bo-nepBbiX, pacCMOTPHM XapakTep iiaua.ja pocta KpHCTa..Jla OT 3a-
poiblllia B BHAE CKe.IETHOTO 06pa3opanusi. 3ano.HeHde B 3TOM CJyvas
MVyCTOT MEX1Y HANpaB.IeHHAMH HaHOO.ALILETO POCTA MPH HE3HAUHTEILHOM
HECOBMAAEHHH TIIOCKOCTEH OGOKOBOTO POCTAa MOXKET MPHBECTH K BO3HHKHO-
BCHHIO B cThKAN JlederThbix 30H, Ecan HanpasieHds HanGoJibliero pocta
PACIOIOKEHB 1101 VoM B 1207, Kak sro nab.aiolaetca y OGpoMHcTOro
cepehpa, 1o le@eRTHbIe 30HBE OV1YT, OUCBHIHO, HAXOAHTBCH MEX/1y OCHUS-
HBIMH OCHMH pocTa. CJIe10BATe. IbHO, HAN60.1eC HCKAXKCHHBIMH Y BHPO-
IIHX TAKHM 0OPA 10M KPHCTALIHYECKHX Tabanuen O6Y1yT BRIXOAnl 30H Occ-
nopsijika Ha Ookonbie TpaH (peOpa). B Kauccrtse npumepa na pue 2
HORA3AH MHKPOKPHCTL 1.1 OPOMHCTOrO cepebpad, BHPOCUIHA B aMMHAYHOM
PACTHOPE 01 CKEICTHOO 0OPA3OBAHKH, V ROTOPOTO NOLBJIHAHKEM NagS)y
(B peiv.iibiale (OCTCIICHHOTO PACTBOPCHA, HAUHHABIDErOCA B JleDeKTHLIX
MECTax) JCHCTBHTCILHO OOHAPYXKEHA OlHCAHHAS Bbille KAPTHHA. Hdas

8
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MJUTIOCTPAUHH NOAOOHOrO SABJEHHS Y 3MYJbCHOHHBIX MHKPOKPHCTAJIOB
Ha pHc. 3 npuBedeHnl MHKpodoTorpadpuu (3,9, 10], nokasnBawllie Tpas-
JeHHe B HAua bHOA CTafHH NPOABJEHHS TAKHX KPHCTA/MOB. 34eCh TaKXke
XapaKkTepHU 3aKOHOMEpHOe pPAaclofoXKeHHe Ha GOKOBBIX FPaHAX «CJaGbixs
MeUT, ¢ KOTOPhIX HAaYHHAeTCs TpaBsllee /[eilCTBHe MPOMBJAIOUEro pacT-
BOpa.

Puc. 3. ,TpaBaeHHe® 3MyAbCHOHHBX MHKDOKPH-
CTaaAN0B, Habal01aeMOe B HaYaAbHOM CTaIHH

NPpOABAECHHA.

Crena /—saexTponnas uMwkpodoTOrpadus ¢ yrorbHo’ pen-

anxk (Kaedn [4]); cnpssa 2—unxpo£ororpa¢ul, AWH. yBeA.

3150 > (3sanuc, Mnruera [S]; cnpasa 3—muxpodororpadus,
AMH. ypea. 2000 < (YuGucos [6))

OISO, OUUUEPE S,

Bropok cayuyafi — 310 o6pa3oBalHe B HayaJabHOA CTAJHH OCAXKAEHHA
TBepaOoA da3n amopdHbix ceponnasbHbx yacTHu. Ha puc. 4 npHsenexnl
31exTpoHHbe MHKpodortorpaduu [11), nokaswiBalouiye NOAOOGHYIO KAPTHHY
aa8 cavyas 6pomocepe6psiHoiil sMyJabcui. [lo Mepe pocra Takue 4acTHilbl
CTanoBATCA Bce 60/lee HeyCTOHYHBBIMH, MOKA C HEKOTOPDOTO MOMeEHTa He
HauHeTcsl OLICTpas BHYTPeHHsis KpHCTaJau3auusi. B pesyabtate o6pa3so-
BaBUWIHECS 3MY.IbCHOHHBIE 3€epHA COJAepKAaT MHOXKeCcTBO JAedeKkToB, KOTO-
pbnle NpH 1a.1bHefinieM GBICTPOM POCTe He YCMeBalOT MOABEPrHYThCH PEKPH-
CTa.IH3aUHK K OCTAIOTCS, CJ€10BaTe/IbHO, BHYTPH KDHCTAJJOB. JTOT NYThb
dopmupoBaHus TBepaoil ¢aspl noaTBepxkAaercs HabJawonasilefica Kap-
THHOH TOBeJ1eHHS 3IMYJbCHOHHBIX MHKPOKPHCTAJJIOB NpH ray6okom dorto-
JHIC HJIH KOPOTKOM MpOSiBJEHHH CKpPHITOro Hao6paxenus [10] (cM. puc. 5).
[MocKoabky NpH TakoM OO6pPa30BaHHH 3MYJbCHOHHHX MHKPOKPHCTAaA03
HauhoNee HecOBEPLIGHHOM OKa3blBaeTcsl LeHTpaJbHasi 4acTb, TO, OYeBHA-
HO. B HeH H JIO/DKHBH  COCPEeJOTOUHTLCH B MEPBYK ovepellb BTOPHYHLIE
npoueceh, YTO XOPOIUO BHAHO H3 TpHJaraeMuix MuKpodotorpaduf,

Tperbs npuuHHa o6pa3oBaHdsf 1e(eKTOB B 3MYJAbCHOHHBIX MHKPOKPH-
C14.1.18X BO3HHKAeT B YCJOBHAX OCTBAaJbJAOBCKOTO CO3PEBAHHSA: NpPH OT-
HOCHTE/bHO BHICOKHX MepechileHHAX OTJIOXEHHe BeilleCTBa IMPOHOXOAHT
NO.THMONIEKYJISAPHBIMH CJIOSIMH, YTO BelleT X MNOSBJGHHIO PpAa3JHYHHX Ha-
pyweHu#. [To3ToMy KpHcTa//HYecKHe rpaHH He OHBAIOT H/ea/IbHBIMH, H
HX aHM3OTPOMHSA MOXKeT OnTh OGHapyXeHa nyrem TpasJends. Ha puc. 6
MOKa3aHO TPaBJieHHe PacTBOPOM CyJb(pHTa HaTpHs KpHcTamioB AgBr s
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BHAe NupaMuAn M Ta6auukd [12]. B nepsoM csyuae 31€Cb BO3HHRAWT
CTYMeHbKH, BOCTPOH3BOASILINE MOCTOAHBIA POCT KPHCTalJa; BO-BTOPOM —
TpaBJieHHEe HIET NepreHAHKYIspHO GOKOBbIM T'PAHAM, YTO Jierko MOHATH,
ecM NpeicTaBUTb ceGe ob6pasoBaHHe Tab/MUKM CeYeHHeM NHPaMHAANb-
Horo KpHcrasia. ITono6HYI0 KapTHHY MOXHO HA6J0faThb TaKXKe Yy IMyJib-
CHOHHbIX MHKpPOKpHCTawioB. Puc. 7 HamocTpupyer Tonorpaduio Hauana
nposiBaenus [3, 10, 13], cOOTBETCTBYIOLLYIO OMHCAHHOMY MEXaHH3My POCTa
KPHCTA/IOB B CTaJHH OCTBAJIbJAOBCKOTO CO3PEBaHHS.

Puc. 5. Mrkpodotorpadpun kpHcraaos
nocae 1enoaHoro NPOABACHKA
I—KHCANA GHINYECKHA NPOIBHTEAL B 2—MNeTOR-
BOHauanblibiX aMOpdHLIX rHADOXHHOHOBWA NOBEPXHOCTHHA TNPORBATEAN,

Puc. 4. Uaaoctpauns po-
cTa 3MYAbCHOHHBIX MH-
KPOKPHCTAANOB OT DNep-

avu. ypea. 1875> ; 3—MeTOArHAPOXHKOHOBMA BPOS-
BHTEAb C THOCYAb(DATOM HATPWE NOCAE paspyme-
JaexTPpOHHHE MHKpOGOTOrpE- HWS NUBEPXHOCTHOrO CKPHTOro H3ofpaxenns xpo-
¢un (anuH. yBca. 6000X) amopd- MOBOR KHCAOTOR, AMM, ysea. 2625 ; Jsanc u Mut-
HHX CHEePONARALHNX HACTHIL veaa (5]

AgBr (amMmMHauHas  3IMYyAbCHN,

AP/, n3burxa KBr; 7—1.5 mun.

cospesanus npu 357, 2--5 mmn.

co3pesauns npu 35°, 360 mMun.

cospeBaung npu 35> + 60 muu.

cospepsuns npu 707, Xap-

xoB [7)])

chepoHaanbHbX HaCTHIL

Takum  06pazoM, HAJOKOHHBIE COOOGPaXKEHHA TFOBOPAT O TOM, MuTO
IMV/ILCHOHHBIE MHKPOKPHCTAMIbL JIO/DKHBL  CONEepPKaTb MHOTOYHCJIEHHH®
Jle(beKTbl PCIUETKH, oﬁpa:aoualme KOTOPbIX HAYHHACTCA C nepsoro MO"
MCHTa OCaXKACHHA TBePAofl (asbl, 4 BBIXOL HAPYXKY OfNpefesIoT CO-
CTOSIHHE MOBEPXHOCTH KPHCTAJJIOB K Hauajy BTOPOro CO3pEeBaHHA.
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Pue - .tiaocTpauus pocra Mmukpokpucranrnos AgBr nyreM OTIONMEHHA BewecTBa
NOAHMONEKYNAPHBINH CAOAMH

‘treTpouKne MmxpodOTOrpadHH nocae ,TpabaeHns* pactsopoM Na,SO, (yroabume penankw;
Kaefn [8])

Puc. 7. Tonorpadusa_ navara npossrenun IMYAbCHON-
HHX MHKDOKPHCTARAA0B, OO6BACHAEMaA MOCAOAHLNM OT-
AOKEHNHEM Beluecraa NpH poOCTE KPHCTAANOB
I—saexTpouHas mukpodororpapus AgBr—xpucraraa (yroavuas pen-
Anka; Kaein, Matefex [9]); 2--muxpodororpadms (ann. ysea. 3450 )
NOCAE HHTEHCHBHOTO OCBEWIEHHN N NPOIBACHHE MOBEPXHOCTHHIM Me-
TOArHADOXHHOHOBHM mNposiaNTEseM (3sanc, Mnutyea [5]); 3—mmxpo-
dororpadua (ann. yses. 2500X) nocAe KOPOTKOro UPOSBACHHS nop-
M8/bBLIM METOArHAPOXMHOHOBHM HposBNTeaeM (YnGucos [6))
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5. TONOXHMHYCCKHEe PEaKUHH B CTAAKH BTOPOro CO3PEBaNna

Jlas noHMMaHHs npHpoabl dororpadHueckoit YyBOTBHTEJbROCTH O%EWb
BaXKHBIM SIBHJOCh HccaenoBaHHe CsenlGepra [14], B KOTOpoM 0Ka3aWv,
YTO nepBble CJeAbl MPOSIBJCHHS BO3HHKAIOT Ha MOBEPXHOCTH 3MYABCHOM-
HbHIX KpHcTaadoB. Tlo3qHee OHIO yCTaHOBJEHO, YTO CYILECTByeT TAKIKe
BHYTPeHHee CKpHTOe H3o6paeHHe [15].

[TockoabKy BO BTOPOM CO3peBaHHH CPaBHHTENBHO MaJjo JAHCMIEPCHBIX
(HeraTHBHHIX) 3MYJbCHA, POCT KDHCTAJUIOB NMPaKTHYECKH MpeKkpallaerca,
a BMecTe C TeM Ha6/IofaeTcs 3HAYHTENbHOE YBeJIHYEHHEe CBETOYYBCTBH-
TeJbHOCTH (HHOraa 6oJiee 4eM Ha JBa NMOPAAKA BEJHYHHLI), €CTECTBEHMO
CYHTaTb, YTO 3[€Chb MPOHCXOAHT OJIaTONPHATHOE H3MeHEHHe COCTONRMA
MOBEPXHOCTH MHKPOKpHCTas10B. OTCYTCTBHE NMPH 3TOM KAKHX-AHGO BHAH-
MbIX H3MEHEHHH BBABHHYJO MPEANoJOXeHHe 0 MHKPOXHMHYECKOM Xapak-
Tepe COBEpIUAIOHXCA 3jech NpoueccoB. M3 HOBLIX JaHHBIX, NOATBEPX-
JaloIIHX 3HaYeHHe COCTOSHHA MOBEPXHOCTH, MOXMHO YKa3aTb Ha OfbTH
MPHAAHHA MaKpPOKpHCTaany AgBr nmoBepXHOCTHO! CBETOYYBCTBHTEABMOCTH
nyTeM ero XHMHueckofi o6paboTkH, o6pasyiollefi Ha NMOBEPXHOCTH HEKOTO-
pble NpOAYKTH peakuuH [16).

Jloka3aTesbCTBOM XHMHUYECKOTO XapaKTepa BTOPOro CO3pPeBaHHA ABJIA-
eTCsl OKHCJMTe/bHas JeceHcHOHau3auusa [17]: ecid BBECTH B 3MYJICHIO
BO BTOPOM CO3PeBaHHH (0KOJO S,,.) okHcauTe b (Hanpumep Ks(Fe(CN)s)),
Ha6aio1aeTcd  CKaykoo6pa3Hoe yMeHbllleHHe CBEeTOYYBCTBHTE/bHOCTH H
ByaJ/iH. 4TO OODBACHAETCH pa3pylIeHHeM MepBOHa4aJ bHbIX MPOAYKTOB TOMO-
XHMHUECKHX peaKUHH.

JlpyrumM [0Ka3aTe.IbCTBOM XHMHYECKOro XxapakTrepa BTOpOro cospe-
BAHHA MOXeT CJAYXHTb [18] ycuseHue, B CBS3H C YBeJHYEHHeM MNPOAOI-
XHTEJLHOCTH MOCJeAHEro, AJHHHOBOJIHOBO/ CBETOYYBCTBHTEJBHOCTH (38
npeaesaavu noJock norjouweHus AgBr). Takoe H3MeHeHHe cneKTpaabHOR
CBeTOYYBCTBHTEJILHOOTH MPOHCXOAHT KaK cJelACTBHe OO6pa3oBaHHs NPO-
JYKTOB peakuufl, BH3nBaOUHX 3¢ deKT, noio6HbiAi ONTHYECKOA CEHCHOH-
JIM3aLHH, :

OCHOBHOH HCTOYHHK TOMOXHMHYICKHX PeaKUHAi BO BTOPOM CO3pEBAHHH
3aKmoyaercss B (GoTorpadHyecKH aKTHBHBIX NpuMecsax Keaatuuu. [loa-
TBEPKAAETOA 3TO HeOOPaTHMBIM CBAI3bIBAHHEM HOHOB cepe6pa, ec/H pa-
CTBOP JKeJaTHHbl H HHTpaTa cepe6pa BbAEpPXKHBaTb NpPH MNOBHIIEHHOR
Temneparype [19].

CllenoBaTebHO, BO BTOPOM CO3PEBAHHH AKTHBHbie KOMIOHEHTH XXeJa-
THHH aJcOPOHPYIOTCA HAa MHKPOKPHCTaJ/ax H B pe3y’abTaTe MNocjaeayio-
LLIHX XHMHYECKHX INpeBpalllgHHii BBI3LIBAIOT H3MeHEHHe COCTOIHHA HX MO-
BepXHOCTH. BcsiencTBHe HAJIMYHA Ha KPHCTAJVIHYECKHX TDaHAX JOKanb-
HbIX HapYLUEHHH, MOXHO CAeJaTb BbiBOJ, YTO TOMOXHMHUECKHe Npouecchl
MPOHCXOAAT Ha HEOJHOPOAHOM MOBEPXHOCTH.

H3Bec1HO, YTO rpaHH KpPHCTAJIOB HMEIOT YYaCTKH C Pa3J/IH4YHOM peak-
LIMOHHOA CMOCOGHOCTBIO — Ha 3TO YKa3nBaloT HabJoleHHA pocTa H pa-
cTBOpeHHs rpaHeidl, XHMHUECKHe pEeaKUHH Ha KDHCTAJJIHYeCKHX TIpaHfx
cJeayeT PacCMaTPHBATb KaK fiBJIEHHE, aHA.TOMMYHOC PACTBOPEHHIO. MOXHO
NPeanoJOXKHTbh, UTO peakuHH O6YAyT OcoGeHHO 3aTpPylHEeHb Ha 3epKab-
HbIX, BECbMa COBEpLUEHHbLIX TPaHAX, NO.IyYalOUIHXCA, HanpHmep, npH
CKOJIe MO TJIOCKOCTH cnainocTH. JleficTBUTEIbHO, ONMBITH MOKA3biBAIOT,
YTO NJIOCKOCTb CKOJIa MOHOKPHCTAJ/l1a LHHKA J0JIroe BPeMA HE OKHCJIA-
eTCsl, @ XOPOIIO CKOJOTHM MO CMafHOCTH KPHUCTAMJ HCJAAHACKOro UMaTa
He pearupyer C COJNSHOA KHCJOTOH. ()/1HaKO /IOCTaTOUYHO HA TaKylo FpaHb
HaHECTH JIeTKyl0 LapalHHy, KaK HaYHHAeTCs XHMHYecKas peakuus (20]. .
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B cBA3H ¢ 3THM HHTepPECHBIMH SBJASIOTCH OMBTHI [21] BBEACHHS B KOHIL:
MepBOro. CO3PEBAHHA B 3MYJIbCHOHHYIO CPelly BCLIECTB, PacTBOPSIOLIMX
AgBr (cm. Tabauuy 1).

TaGauual
BangHNE HA CBOACTBA SMYALCHH COCAMHEHMA, pearupyromux ¢ Ag Br
BewecrtBa, BBOAHBWIKECS Ontumassmoe | Cserouyncr- MaoTHOCTL
B KOHUE NepBoro :3”":";?:)? BHTEALHOCTH Byaau
CO3pEeBaHHA Ha 1z Ag (Ax cex), —18 (Dy)
THolnvawmn . . . . . . . ... 7,5 490 0,28
JONAHHT KBAMA . . . . . . . . . 1,0 460 0,10
CyabdHT HaTpHR . ., .. . . 40,0 430 0,2
FHocyabdar natpun . . . . . . 120,0 540 0,27
{OHTPOAbHAA SMYABCHA . . , . . — 250 0,18

[Tpuunna wab.101aBIerocs 3ddexra 3akmiouaercs, no scefi BHAHMO-
CTH, B IpaBsilleM JIeHCTBHH BBOAMBIUHXCS BeLIECTB, B pe3y/abTaTe Yero
BOtHHRAIOT  0CO60 PCAKUHOHHOCMOCOOHbIC MeCTa, IJe Jerye NPOHCXO-
IHT  XHMHYECKast CceHCHOH.1a3auMs, T. e. o6pa3oBaHMe Ha [OBEPXHOCTH
MHKPOKDPHCTALIOB MO.I€3HbIX NPH 3KCMIOHHPOBAHMH MPOAYKTOB.

140}

o
)

] Puc. 8. Hamenenue o6wero
yHcaa 3cpeH (MHKPOKpPHCTaA-
A0B) B 3aCHCHMOCTH OT Bpe-
MCHH NEPBOro CO3peBaHHA
I—0xnHOYRAN IMYABCHPHKIUMSE (NOA-
KR 06vem coan cepebpa npnbasaen
CPa3y); 2 — OAMHOHHAR IMYABCHOHUKA-
uun (0.6 o6vema coaun cepeGpa npuban-

Oduse vucw seoem ad) Y
S
L 5

-
A3
N

20} AeHO Ccpa3y); 3 -- AOTNIOAHHTEALHO AP
A — - t, = 60 mwn, BBeaeno 04 ob6bvema
L4 20 180 MUK coau cepebpa (MuxafRaosa)
Spes  cospebowss

Ta me NpHWHHA 3aK/TIONAETCS B NPUMCHEHHH MeJJIeHHOR WM Apo6-
HOM sMV.IbcHHKARMH. DTHMH npHeMaMy TOMUIEPXKHBAeTCA Goviee BHICO-
Koe 1epechlillecHHe B MATOYHOM pacTBOope 6JHXKe K KOHLY NepBOfo CO-
3PCBAHHA ¢ LeJIbIO YBeJHYEHHS! leheKTOB M CO3NaHHA MeHee COBEpILUEH-
HOH MOBEPXHOCTH MHKpOKpHcTaiion. Ha puc. 8 npusenena (22] KpHBaY
H3MEHCHHA OOLICro YHC1a IMYJIbCHOHHBIX 3€PEH C YBEJHUEHHEM BpeMeHd
MEepBOro. CO3PEeBAHHT NPH  HCAPCPLIBHOK W APOOHOR 3IMY/IbCHOHKALHHK:
MK Ha KPHBOH YKa3blBAeT Ha MIHOBEHHO YBEJIWUMBLIECCH [OCJAe BTOPOR
IMVIbCHOHKAUHH YHCIo yacTHIL [locsic1HMe BCKOpe HCUe3aloT — YacTHY-
HO pACTBOPAIOTCH, YAaCTHYHO Ke OCe18l0T B BH/e 3apojblilefi Ha TPaHAX
KPyllHblX MHKPOKPHCTA/JIOB, €O3/1aBasi JOKaJbHbie HapylUEHHS.
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6. O6pazosaHHe M XHMH4YeCKas MPHPOAa NMPHMECHHIX UENTPOB

B cB3H C TOMOXHMHYECKHMH [PEeBPALIEHHsiIMH, OGHApDYIKEHHbIMH B
CTaJHH BTOPOFO CO3PEBAHMA, BCTAeT OYeHb BAXKHBIA BOMPOC O XHMHWe-
cKoft mpupoae MPOAYKTOB peakuuil. XoTsi HECOMHEHHO, YTO BTOpOE CO3pe-
BaHHe HauHHAeTcs C aAcopOUHMM AKTHBHbIX MNpPHMECEH JKEIATHHN B8
3MYJbCHOHHBX ~MHMKDOKDHCTa//1aX, HeOGpaTHMOCTh CBA3LIBAHHA HOHOS
cepe6pa )KeJaTHHOM yKa3blBaeT Ha BEPOATHOE HAJH4YHE MOC/EeAyIOUAx
coOGCTBEHHO XHMHUecKHx peakuuii. bosee Toro, nmMeTCs 3KCMNEPHMEHTAND-
Hble JaHHbe (23], NOKa3biBalOLIHEe MAaJ03aMeTHOe B/HAHHE Ha cBeTOvYyS-
CTBHTEJIBHOCTb aACOPGHPOBAHHBX BellecTB (cM. TaGauuy 2).

TaGamnua 2

Bansinue NeCOpPOUHH NPHMECHHIX COEIHHEHHA XENATHHM
Ha CBETOYYBCTBHTEAbHOCTb SMYJAbCHH

MakcHManbHas CBETOUYYBCTBHTEALHOCTD (S...s_)
Ycaosua o6paboTkn . Bseneno Baeszeno
Kontpoawhui | o gyvapcuio | B snyascuo 8
9MYAbCHOHHBX CAOEB B0 MA—4 ua | 50 sa—4 ma
ueron 2n. KBr 3m. KBr
Ges RonOAHHTENbHOR NPONBIBKH
nepea SKCNOHHPOBaHHEN 125 40 25
C nonoannreaxbHoft npomuiBxof
B 0,000lH. KBr . . . .. ... 120 115 105

AHa/M3aMH YCTaHOBJIEHO, UTO GPOMHCTHII KaJHH 3aMeTHO yMEHbllaer
HAH TOVIHOCTBIO YAaJseT CepHHCTHe coeanHeHus. OxHaKo jecopOuns
3ITHX COeJAHHEHHH, ylepXaHHbX MOBEPXHOCTbIO TBEPAOA (a3nl, BH3HBAET
JIMIIb HE3HAUHTEJbHOE H3MEHEHHe Syae NPH YCJIOBHH, €C/IH OTMHLITh HOHH
6poma, 3aMelJIfiIOILHE NPOSBJIEHHE. .

HUayyenne HayaibHOM cTaaWn (OTONIH3a M NPOSBIEHHs SMYJILCHOH-
HBIX MHKPOKPHCTAJJIOB B CPABHEHHH C XHMHUECKHM O0Gpa3oBaHHEM CKpH-
TOro H306paXkeHHsi NOJA AeACTBHEM BOCCTAHOBHTEJIEH MPHBENO K MpeAro-
MOMXEHHIO O CYIIECTBOBAHHH MHOPOAHHX BKJIOUEHHA (NPHMECHHX LeHT-
poB), 06pa3ylOlIHXCA MPH XHMHUYECKOM CO3PEBAHHH [24]. Buavane Onaa
BLICKA3aHA THMOTe3a O cepeGpsHOf NpHpOLe UEHTPOB, MO3AHEE GoJee
KOHKpeTHble pe3y/bTaThi ObliH OnyGJIHKOBAHM [llennapaom o CepPHHCTO-
cepeOpsAHBIX LEHTPax CBETOYYBCTBHTEJIbHOCTH (25]. B kauecTBe OJHOrO H3
J0KA3aTe/IbOTB MPHBOAHICA CleayloWuAi MoaeabHbifi onbt [26]: Ha IMyJIb-
CHOHHBlE MHKPOKDHCTa/JAH (Ha TNpeIMeTHOM cTekje) JAeficTBOBaIH Ppa-
CTBOpPOM THO3MHaMHMHA, a 3aTeM coan. [locne BTOpOH 06paGoTKH TPH
PaccMOTPeHHH B MHKPOCKON Ha NMOBEPXHOCTH KPHCTAJJIOB MOABHJIHCH 4€p-
Hole TOYKH. Kpome TOro, 6bJIO N0OKA3aHO, YTO THO3HHAMHH obpasyer C
AgRr KOMILIEKCHOe COeJHHeHHe, KOTOpoa B LIeJI04HOA Cpejie pacnaiaercs
¢ puiaeneHueM Ag:S. Psaj nofoOGHHX ONbiTOB, BMeCTe C MHKPOXHMHUE-
CKHM aHaJH30M Ja6uibHOM cepnl B XedaThHHe [27] W Ha TBepJlo# da3se
IMyNbCHH (28] mpHBes K TeOpHH cepHHCTOCEpeOpsHbX UeHTpos. Oaxako
Wennapa [29) He OTPHUAJ BO3MOXHOCTH 06pa3’oBaHis cepeOpAHbIX LEHT-
pOB, BbiCKa3blBasi MHEHHE, UTO CepHHCTOe cepe6po oGJeryaer BOCCTaHO-
BHTE/bHYIO CeHCHOH/IH3auMio. Takas Aya/MCTHYECKas TOUKA 3peHHs -
POKO pa3BHBAeTCs B HacTosllee BPEMS.
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[Tpi pelleHHH BOMpPoca O XHMHYECKOH MpHpode MPHMECHHX LEHTPOB
BCCbMA lleHHble BBIBOJABI MOTYT GBbITb CAeaHbi H3 COMOCTABJIEHHS KHHe-
THKH HaKoIleHHsi cepebpa H cephl C H3MEHEHHAMH CBETOYYBCTBHTEJIb-
HOCTH M pocToM Byaad. DBbuio nokasano [30), uTo MexAay KMHETHKO#H
V/ICPXKHBaHIA cepbl (MpHHHMAaBUIErocs Kak oOpa3oBaHHe CEPHHCTOro ce-
pe6Gpa) H H3MeHeHHSIMH CBETOYYBCTBHTEJbHOCTH H IJIOTHOCTH ByaJsu MpH
XHMHYECKOM CO3peBaHHH He yJaeTcsl OOHapy»XHTb KaKylo-JHOO fICHO Bbl-
PaXKEHHYIO 34BHCHMOCTb. B OTHOLIEHHH Xe B3aHMOCBSI3H MeXily Hera-
JOUHbIM cepebpoM M ¢doTorpaduueckuMH CBOHCTBAMH YCTaHOBJeHa No-
CTOSIHHO ~ MOBTOPSIIOLULASCS 3aKOHOMEPHOCTb: BO-TNEpPBHIX, KHHETHUECKHe
KPHBBIC HeraJoMJHOro cepe6pa H MJOTHOCTH ByaJH MOJOOHHW APYr ApYrY
H HMEIOT COBMa/aloUHi NO BpeMeHH HHAYKUMOHHbIH NepHO/, a BO-BTOPHIX,
¢ BOTOYNECTBUTENIBHOCTD MPOXOJHT Yepe3 MAKCHMYM, MOJOXKeHHe KOTOPOrd
COOTRETCTBYET KOHLY HHAYKUHOHHOro mepHoaa. Hukakue u3MeHeHHs yc-
JoBHIL ICPBOrO M BTOPOTO CO3peBaHHi (B CJyyae OTHOCHTEJIbHO HH3KO-
JHCIICPCHBIX 9MYJIbCHII) He HapyLIaloT COMPSXEeHHOCTH TPeX NPOLECCOB. -

CyL1ecTBOBaHHE COMPSKEHHOCTH ellle GoJiee YyOeAHTENbHO MOAYEPKH-
PoeTCH XO10M TeMMepaTypHOR 3aBHcHMocTH [31]: B oanux caydasix cylue-
CTBYeT COMPSXKEHHOCTb MEXAy BCEMH TpeMsi MpoleccaMH, B APYrHX Ha-
6:110.14¢TCSL HEKOTOPOe OTJIHYHE TeMmnepaTypHoro Kos¢dHuuveHta s He-
ragon toro cepebpa, YTO MOXKHO OODBACHHTL sBJeHHUEM, aHAJOTHYHBIM
MOJH(HILHPOBAHHIO KOHTAKTOB.

Takum 06pa3oM, cTporasi COTNPSKEHHOCTh MeX/1y H3MeHeHHeM CBETO-
UVPCTBHTCJIBHOCTH M Byajieo6pa3oBaHHeM, a TaKKe HaJjH4yHe M0106Hs
MeX.1\V KPHBBIMH ByaJsd W cepebpa CBHAETEJNLCTBYIOT O TOM, YTO H3MeHe-
Hite vKasaHiubix (oTorpadHyecKHx BeJMYHH BbI3BAHO MPOTEKAHHEM OAHOrC
NMPoIecca — BOCCTAHOBHTEJBHOTO.

Jlng KHHEeTHUECKHX KPHBBIX HeraJouJHOro cepebpa BecbMa Xapakrep-
1y HeGodbIHe KoJ1eGaHUs BBICOTH  «IJIOLLAJKH», Bbipa)kawoleil HHAYK-
onuplil nepuoa. CoaepxaHue HerajouaHoro cepebpa B 3Tol 06aacTH
e swxoanao 3a npexean 1,0-1076—20.10 & 2-3k8. Ha | 2 XKeJaTHHH.
B cBsi3n ¢ 3THM Gbl10O clelaHo MpeanovioxeHue [32], 4TO OCHOBHYIO Maccy
Hera IoMAHOro cepebpa B CTaJMH HHAYKLHOHHOTO TMepHOAa COCTaBJAIOT
CeneOpANOXKENaTHHOBBE  KOMIVIEKCH, obJanaioliHe - 60JbLUIOK NPOYHO-
cti 7, 8.

[pvras 4acTb KHHETHYeCKOH KpPHBOH HerajsouaHoro cepebpa, HMelo-
ILAA aBTOKATAJMTHUECKHH XapaKTep, Bhipa)kaerT, M0 Bceil 3ePOATHOCTH, Ha-
Konielne c¢Bo6oaHOro cepebpa, Koraa ero Ko/aH4eCTBO NpeBbilllaeT COAep-
KatHe cepeOGpsiHOXKENATHHOBHX KOMIJIEKCOB. 3To MNOATBepxjaercs cJe-
JIVIOIHMHE HaboaeHHaMH: 1) yctaHoBieHo [33] coBnaseHHe NpeaesbHOTO
Ko.THYecTBa cepe6pa B MHKpOaHaJH3ax TBepAOH (a3l H OMHTAax B3aHMO-
ACHCTBHA HHTpaTa cepe6pa c KeJaTHHOW; 2) mokasaHo [34] cokpaue-
HHC HHIYKUHOHHOTO NMepHoAa I/ HeraJouaHoro cepeGpa, npu BBeAEHHH
B Kollle MepBOro CO3peBaHHsi B 3MYJbCHIO BOCCTAHOBHTEJd, 4TO TOA-
TBCPXK1a€T 4BTOKATAJIHTHYECKHH MeXaHH3M BOCCTAHOBHTEJIBHOTO MpOIecca.
3) nokasawo [35)], 4TO NMpPH BBeJeHHH B HayaJjle BTOPOro CO3peBaHHUS COJH
30.10Td aBTOKATAJUTHUECKHA ¢CKauYOK» Ha KPHBOH HerajonaHoro cepe6pa
HCHE1ACT.

Takum o6pa3oM, cBo6oaHOe cepeOpo HauHHaeT OGHAPY)KHBATLCH C Ha-
qa.oM Pe3koro pocra Byadad. OTclofa OueBHIHO, YTO MOJ0OHe KHHETHYe-
CKHX KPHBbIX HeraJOMAHOro cepebpa W Bya.H yKa3biBaeT Ha cepeGpsiHyio
NPUPOY ICHTPOB Byaail. BmecTe ¢ TeM 0HHAKOBBIA XOA TeMnepaTypHO#H
CIRMCHMOCTH LI CBETOYYBCTBHTEIBHOCTH M ByaJlH yKa3biBaeT HA Ty XKe
NPHPOAY NPHMECHBIX LEHTPOB, OTBETCTBCHHBIX 33 BeJHYHHY CBETOYYBCTBH-
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TeabHOCTH. K sToMy caenyer no6asnth, uto TemnepaTypHas 3aBHCHMOCTD
ANS cepH (cepHHCTOro cepe6pa) HmeeT HHOIt xapakrtep [36]-- COCTOMT
H3 nepeceKalolUXCc NPAMBX (CM. pHC. 9). :
HpyruM BeckHM 10Ka3aTeqbCTBOM CePeGPSHOR MPHPOAN MPHMECHBIX
LEHTPOB MOTYT CJYXHTb CIeKTPO(OTOMETPHYECKHe NaHHBe HCCAeAOBAHHM
E. A. Kupuanosa u ero wkoaw [37, 38). IMpu nomouwm IHQPepeHiHaNb-
HOTO MeToAa GOJIBLIOR CTEeMeHH TOYHOCTH GbLIO NMOKa3aHO CXOACTBO MpH-
MECHOro CnekTpa (POTOXHMHYECKH OKPALUEHHbBIX 3MY/bCHOHHBX CJ0eB,

261 2
<o} f
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W s 10 w

Puc. 9. TeMnepatypnaa 3aBHCHMOCTb yAepXHBa-

HHU na6uabiOA cephl (NPEANOAOKHTEALHO B BHAE

Ag,S) rtBepnoit $asoft IMYAbCHH nNpH pa3Hux
o6pa3uax xenatHHn (Muxafaosa)

NepBHYHHX LEHTPOB, LEHTPOB CKPHTOrO H306pa’KeHHA M HanuJeHHAA ce-
pe6pa B Bakyyme. Bul1o, kpoMe Toro, o6Hapyxeno [39, 40] poToxHMHYe-
CKOe «BhHIllBeTaHHe» (pa3pylleHHe NMPHMEeCHHX LCHTPOB) y CJ0eB, OKpa-
WEHHHIX OG/IyYeHHEM HJIM CONePXKAIUHX JIHIIb MePBHYHBE LEHTPHI.

7. Ponb CepPHHCTHIX CEHCHOHAH3ATOPOB NPH CO3PEBAHHH 3IMYJABCHH

XOoTs npHMecHBe UEHTPH, aKTHBHbE B (OTOrPaHYECKOM OTHOLIEHHH,
Mo BCeM NaHHBIM, HMEIOT Cepe6psiHylo MPHPOJY, TeM He MeHee TMpPH XHMH-
YeCKOM CO3PeBAHHH BaXHYIO POJIb HIPAIOT TAKXKE CEPHHCTHE COeHHEeHHs,
yCkopsiouHe 31oT npouecc. Takas BcrnoMoratesbHasi GYHKUHS CePHHCTHIX
COe/lHHEeHHH, CMOCOGHHX B3aWMosedcTBoBaTh ¢ AgBr, uanoctpupyercs
NaHHHMH B TabuHuax 1 u 2.

BMecte ¢ TeM cJeayer noAYepPKHYTb, YTO COMOCTaB/AEHHe XHMHKO-
QOTOrpapHYCKHX H CMEKTPOYOTOMETPHYECKHX JNAHHHX He TMO3BOJAHAD
(34, 41] oOHapyXHTb KaKOro-1H60 pPa3THYHA B CBOACTBAaX MPHMECHHIX
UEHTPOB, MOJYYAIOWHXCH MPH AeHCTBHH HAa 3MYJAbCHH BOCCTAHOBHTENEN H
CePHHCTHHIX CEHCHOGHIM3AaTOPOB. 3TO 1aeT OCHOBaHHE 3aKJMIOMHTb 0 (H3H-
YeCKOH TOXKIECTBEHHOCTH NPHMECHBIX IlEHTPOB, OGPA3YIOIHXCA B PA3HMA
YCJOBHAX, H €AHHCTBA [ABYX BHJAOB XHMHYECKOH CEHCHOHJIH3ALHH.

IpH HcceN0BaHHH HCKYCCTBEHHOI CEPHHCTOR CEHCHOHAHM3aUAH Owlasa
oGHapyXeHa [42] cJOXHan QYHKUHA COeXHHEHHA ¢ JaGMABHOM cepofi
(cencu6unusatopos Lllennapaa). [Mockonbky 3TH BeuwecTBa 061aaaiI0T
CPOACTBOM K HOHaM cepe6pa, OHH /OJKHB Mpexae BCEero OKa3uBaTh
TpaBsilllee /efiCTBHE HAa 3IMYALCHOHHbe MHKPOKPHCTaMIH. Kpome Toro, B
IEeJIOYHONR Cpefle MOXET NPOHCXOAHTb pacnas MOBEPXHOCTHHX KOMIJIeK-
COB ¢ ocBoGoxaenHeM HOHOB S?~. [lpH yc/0BHH He6OJIbLIOH KOHUEHTpa-
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ItHH 3TH HOHH BCTYNAIOT B TOMOXHMHUYECKYIO PeaKkUHi0o B «cJalhix» Me-
(TaX KPHCTAJIHYECKOH MOBEPXHOCTH, T. €. Y BHXOAOB JIOKaJbHHX Hapy-
IucHHA pewleTKH. TaK KaK CPOACTBO HOHa Cephl KO BTOPOMY 3JIEKTPOHY
oTpHuaTesbHo (—6-+2 38), MOXHO NpeanoyoXuTh (43), uro nmpou3ofaer
Nepesaya 3JeKTPOHA OT HOHA S?~ K c/1a60 CBA3AHHOMY C PELLETKOi# HOHY
cepebpa no cxeme: S?~+Ag,*—+S~ + Ag. Ecn e KOHUEHTPAUUA HOHOB
cepnl BeJIHKa, 06pa3yloTCs YacTHUHW COGCTBEHHO CEPHHCTOro cepeGpa B
BH1¢ HOBOH (pasn, YTO NMPHBOAHT K AECEHCHOHNH3AUMH H POCTy ByaJH
(44 . Bo3MOXHO, 4TO rpaHHUel MeXAy CEHCHOM/IH3HDYIOIWHM H JEeCeHCH-
OuaniupylowdmM  spdekToM ABJAETCS INpeaes pacTBOPHMOCTH Ag.S B
BH.l¢ MOJIeKYJ H KOMILIekcoB. B cBfi3u ¢ 3TuM cjenyer o6paTHTh BHHMA-
HHe Ha paboty [45], B KOTOpO#l H3yyajoch B3aHMOAEACTBHe MHKPOKDH-
CT4.1.10B 6POMOAOIHCTON 3MYJIbCHH C THOMOYeBHHOR. B 3toifl pabore GbliO
MOR4 14HO, YTO 06pa3oBaHHe OOBbEMHBIX YaCTHI CEPHHCTOro cepe6pa Bhl-
3hBav¢T Byadb, TOTAA KaK ero MOHOMOJIEKYJ/SIPHBIA CJOf NOBHILAeT JJHH-
HOKO.IHOBYIO CBETOYYBCTBHTEJILHOCTb 6e3 3aMeTHOro ByaJeo6pa3oBaHHA.
3T peeybTaTH YKa3biBAIOT, YTO NoviesHoe defictBue Ags S Ha6aionaercs
fPH . (.10BHH, €C/IH OHO He o6pasyer caMmocTosTelbHONH ¢asn. OaHako
MokoMOTeKyISpHBIA cioft AgeS, cTporo rosops, ciefyer paccMaTpHBaTh
Kak 41copO6HpPOBaHHBE HOHH S?~, KOTOpHe BCJeACTBHe cJ1aboii CBA3M
OAH ') H3 3JIEKTPOHOB MOryT 06pa3oBbiBaTb, KakK [OKa3aHo B NPHBEIEH-
HOW xeMe, cepeOpsiHble LEHTPHI.

N « n w3 RYRE{ESES ™
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Puc. 10. Bauanue o6paGoTKH TOHKHX CAOEB AHNNMa-
HOBCKOR SMYAbCHH B PACTBOPAX THOMOYEBHHH pPa3-
Ho#t xonuentpauuu (pH = 10)

S, —OTHOCKTEALNAS CBETOMYBCTBRTEABHOCTL; — @ — & — Dy—BH-

ANMOe TOTeMHenne; —0-—0— D, — Nnocae npossaeuns, nNOo OCM
a6CuUNCC —~ KONUEHTPALUKA THOMONEBNMM MO4s/4 {Bpoym [10])

.lin nonrsepxJeHHs BHICKA3aHHHX NpelANOAOXKeHHH Ha puc. 10 H3o-
6GpameHb pe3yabTaThl [46] XUMHYeCKOH CEHCHOHJIM3alHH CJOeB JIHM-
IMAHOBCKOH 3MYJbCHH B PacTBOpe THOMOYEBHHH Pa3HON KOHUEHTPaLHH
(npm pH=10,17). Kpome TOro, Hafieso, 4T0 HauBHCILAsh CBETOYYBCTBH-
TEABHOCTL  JOCTHraeTcs MNpPH KOHLUEHTPAUHH THOMOYEBHHH  NOpPAAKa
10~*u04b/4, 4TO, MO HEKOTOPHIM AaHHWM [47], COOTBETCTBYeT PacTBOPH-
MOCTM MoJiexyJaspHoro AgsS.
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K ckazaHHOMy caenyer eme n06aBHTH, 4YTo NpUMEHSIEMBI ANA yayu-
IUCHHS KAYECTBA XKEJNATHHBI THOCYNbYAT HATPHA BHI3HBAeT YCKOpeHHe
XHMHUECKOrO CO3peBaHHA B HEHTPAJbHOH H.IH CcJ1aBOKHCO0I cpene JHUb
B pe3y/ibTaTe TPaBflLero AeHCTBHA Ha TBep.1ylo (asy 3My.abCHH. 3TO BH-
TCKAET He TO/MbKO W3 CMEeKTPOYOTOMCTPHUECKHX NaHHBIX [44], HO TaKxKe
H3 KHHETHKH H3MEHelHsl JJIHHHOBOJHOBOH (IPHMECHOM) CBETOYYBCTBH-
TeJIbLHOCTH MOJ AedCTBHEM THOCcy.abdara Hatpus [48]. M3 puc. 11 BuaHo,
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Puc. 11. Uamenenue cnexrpaannoi CBETOYYBCTBUTCABHOCTH—
~CHHeR" 8§ =450 wp H  aanunosoxoBOM — S) = 600 M
650 wmp n 700 wn

I—KORTPUABHAR IMYALCHA; 2—RBEACH THOCYAhDAT HaTpHA; J—BBCAGHA THO-
MOYEBHHA, 4 —BBE1CH THAPAIHHCYAL AT (Bapwasep)

4TO THOCY.1L(GAT HATPHS BBI3BLIBAET .THIIL YCKOPeHHe XHMHUCCKOro Coipe-
JaHHA, TOr1a KaK THOMOUYCBHHA M THAPA3HN, KPOMe VCKOPCHus, obuapy-
AHHRAIOT IPPOKT Pe3KOro 1NMOBLIWEHNs L IHHHOBOJHOBOI CBCTOUYBCTBH-
TCILHOCTH ¢ HEKOTOPOro MOMEHTA BTOPOIO  CO3PCBAHHA, 4YTO HABJAETCS,
BEPOATHO, CAE/NCTBHEM HX ICHTpooGpasyiolero jeiictis. [lostoMy Moik-
HO HPeINO.JOXKHTL, 4TO B OOBIMHBIX VCJAOBHAX BTOPOLO CO3PEBAHHA  THO-
CVIbGAT HaTpHA He oGpasveT nonop S?

8. Y4acTHe XeNaTHHB B NPOUECCAX CO3PEBAHUS IMYAbCHH

KeaTHna - - OAMH M3 BECBMa BAXKHBIX (PAKTOPOB, OKAILBAIOILHX
BIHSINHE Ha CBOHCTBA 3MyJabcHH. Ee JciicTBHe .lerko 0GHApYyXHBaeTCs.
CCTH COGJIONATD OMHAKOBbII PEXHM [1CPBOFO H BTOPOTQ CO3PEBAHMS.
B 9THX npoueccax Kes1aTHHA NPHHHMACT yYdacTHe B TPeX HANPaBJIEHHAX'
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BO-TIEPBHIX, OKa3hWBAeT 3dlllHTHOe. 1eACTBHe HAa TBEPAYIO daszy 3MYAbCHK;
$O-BTOPHIX, MOXET BAWSTb HAa KPHCTAJH3aUHOHHBIH NPOLECC H, B-TPETbHX,
06YCNOBJHBAET XHMHUYECKYIO CEHCHOHJIH3AIHIO.

lNpyu peleHHH BOMPOCa O NMPHUMHAX TAKOTO CJIOXKHOrO BJIHAHHA Xena-
THHH HeOGXOAHMO MMeTb B BHAYy [Ba BHAA ee KOMMOHEHTOB: MAaKpOKOM-
NOHeHTH, T. €. GeNKOBHe MOJIEKYJ/H, BXOAflllHe B COCTAaB JKEJATHHH, H
MHKPOKOMIIOHEHTH — ee TpHMecH, o6sajaoiiie ¢poTtorpadHueCKOH aKTUB-
nocTrio. [lepBas GyHKUHMA JKeJaTHHH OCYLIECTBJIAETCS ¢e 6e1KOBHIMI
MO/IEKYJIaMH, KOTOpbie, MO-BHAHMOMY, O006J1ajaloT CHJBHO BHIPaXKeHHOM
CEJEKTHBHOCTBIO MO OTHOLIEHHIO K raJjoreHH1am cepe6pa. Ha 3TO YKa-
3biB8€T COXpaHEHHE 3aULHTHBIX CBONHCTB XeJaTHHH TMNocje YAaJieHHA H3
Hee npHMmecefl (HanpuMep 3JeKTPONKAIM30M) M uYpe3BHYaiHO MpouHas
CBA3b aACOPGHpOBaHHOM xkenaTuHb (7, 8]. BMecTe C TeM, OKHC/IeHHe Ke-
NaTHHB (HAMpHMep, TeEPeKHCbIo BOJOPOAA) BH3HBAET 3HAUHTEILHOE
ocnabienHe ee 3aLLHTHHX CBOMCTB [49], 4TO MpPOABAACTCA B OCAXKACHHH
TRepaoR (pa3bl MPH MOJHBE 3MYJBCHH Ha CTEKJO H O HEM CBHIETEb-
cTByeT ABJIEHHe HeoOpaTHMOM [e3aKTHBALMH. TMocaeauss yxka3nBaeT, uTo
B 3TOM CJAy4ae MPOMCXOAHT, BEPOSITHO, He TOJILKO OKHCJIEHHE NMPHMECHBIX
BellleCTB, HO H paspylledHe (YHKUHOHAJbHHX TPynm ee 6GeJIKOBHX MO-
aexyJ.

HyxHo 3aMeTuth, YTO 3aMTHAs (QYHKUHMS IKENATHHH pacrnpocTpa-
NmeTcs He TOVIbKO HAa HauyajbHYIO CTafHio OGpa3oBaHHs TBepJOH dasul
M\ LCHH, HO MPOAIBJISIETCS H B MPOLECCAX XHMHYECKOH CeHCHOHJIH3AIHH.
Tax, B OTCYTCTBHH XKeJIATHHH BO BTOPOM CO3pEBAHHH Ha6JsonaeTcsa Pe3ko
OTANNHOE TNOBeJeHHe COBOKYMOCTH 3MYJ/IbCHOHHBIX MHKDOKDHCTAJJIOB IO
CPaBHEHHIO C HOPMAJIbHBHIM CO3peBaHHEM [50). B 3ToM cJjyu2e BecbMa
XapaKTepHHM SBJIAETCA PE3KHA POCT ByajH, T. €. 6HicTpoe nepepacTaHue
UeW¥POB B KATaJMTHUECKH aKTHBHbiE. IHHIMH C/IOBaMH, B IPHCYTCTBHH xe-
Javesl 3TOT MpOlEcC 3HAYHTEJIbHO 3aMEAJIAETCH, cnoco6¢TBYs  POCTY
CSeYONYBCTBHTEIBHOCTH 3MYJIbCHH.

Ase ApyrHe QYHKUHH XKeJaTHHH OMNpele/AlOTCA, MO-BHIHMOMY, rJ1as-
Hea 06pa30OM AKTHBHHIMH. HOHOTEHHBIMH TMpPHMECHMH. 310 N0Ka3nBaeTCH
Tew. WTO yAa/eHHe NpHMeceil NPH NMOMOIULH 3JEKTPOAMANH3A HIH HOHO-
ofweHNbIX CMOJ Je/aeT padjiMyHble OO0pa3unl XKeJaTHHH OJHHAKOBHMH
. . ubicjle HX BJHAHHA KaK B MepBOM, TaK H BTOPOM CO3PEBAaHHH (51, 52].
MuKPOXHMHUYECKHA aHATH3 MOATBEPXKAAET Ne3aKTHBALMIO, T. €. OTCYTCT-
nwe B O6PAaGOTAHHBIX YKA3aHHBIMH CMOCOGAaMH XKeaTHHAX aKTHBHHIX npu-
M efl

EcAH NpHMeHHTb MSTHKAMEPHHIA 3JIEKTPOAHA/IH3aTOp, MpHMEcH XKeJa-
TMW MOXHO BHEJAHTb B BHIAe ABYX (pakuuii — KaTOAHOH H aHOIHOR.
M\ ananu3 M ¢ororpadHuecKoe HCMHTaHHe MO0Ka3a/lH, 4TO KaTOAHAl
PpaxuHA COAEPKHT BeLIECTBA, TOpMO3flliHe KPHCTA/UIH3aUHOHHHA TNpoO-
Ut W XHMHUYECKOe CO3peBaHHe, TOTAA KaK aHOJHas (QpaKuus COLEPKHT
1pM THNa AKTHBHHIX MPHMeced: BEleCTBA, YCKOpsiOLlHe XHMHUYECKOE co-
3pesaHHe, COENHHEHHA C JaGHIBLHOA cepoit u BoccTaHoBHTENH ([51]. Ha
pwc 12 npuBeeHB KHHeTHYECKHe KPHBbIE CBETOUYBCTBHTE/ILHOCTH H ByaJH
AN KOHTPOVIBHOA 3MYJIbCHH H ONBITHHX 3MYJIbCHA, B KOTOpHe Oblin BBE-
Neww PACTBOPH KATOAHOA H aHOAHOA (paKiuiH, BHIENEHHHE H3 BRICOKO-
aKktwBHOA («OuicTpoft»), cpeaHed MO aKTHBHOCTH H MaJIoaKTHBHOR («Mel-
NeHNHON») meAaTHHH. M3 cMelleHHsi KPHBBIX BHAHO, YTO B nepeofi XKesa-
THwe npeoBnanaloT YCKOPHTENH, a B MaJIOaKTHBHO/l — TOPMO3HTEJIH CO-
IpeBaAHHA.

M3 axTHBHHX NpHMecel XKeJaTWHbl Ha CKOPOCTb XHMHYECKOro (BTO-
pOro) COspeBaHHs BAMAIOT ABe IPYNIb BELLECTS, HMEIOWHX HanGovibilee
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CPOACTBO K MOHaM cepe6pa M O6pa3ylolHX C HHMH TEPMHUECKH YCTOA-
YHBHE KOMILIEKCH. YCTaHOBJeHa [53] caeayollas 3aBHCHMOCTb CKOPOCTH

A
CO3peBaHHA OT KOHUEHTPalMH 3THX BewecTB: T,=K<t, rae K= B

K03pPHUHEHT AKTHBHOCTH XKeJaTHHbI (OTHOLICHHe KONHYeCTB YCKOPHTe-
Aefi A W TopMo3HTenell cospeBanus B); t M T,—BpeMs AOCTHXEHHA .,y
COOTBETCTREHHO NpPH JaHHOK xesaatHHe u AIs K=I1; t, sAB1seTcs KOH-
CTaHTOR MpPH COGJIOJCHHH MOCTOSHCTBA VCJIOBHI TOYYEHHS IMYJIbCHI.
BecbMa Ba)KHBIM apryMeHTOM B MO0/b3y TAKOTO TOJIKOBAaHHsi AKTHBHOCTH
KeJNaTHHH SIBJASeTCA Ta XapaKTepHas OCOGEHHOCTb, YTO YCKOPHTeNW W'
TOPMO3HTE/IH HMEIOT NMPOTHBONOJOXKHYIO, 3JEeKTPOXHMHUYECKYIo MPHPOLY, C
YeM, BEPOATHO, CBA34HO HX MPOTHBOMNOJOXHOe dororpaduyeckoe neh-
CTBHE.

s )’

20{2,

150 4

50 1

1 2 3 v S 1 2 3 & 2

Puc. 12. JlefictBHe Ha npouecc BTOPOTrO CO3peBaHHA

katroanof (K) u anoano#t (A) ¢pakunit H3 KeraTHlb

LOncTpoft® (1), ,cpeanedt® (2) u ,Mearennofi* (3); Kou-

TpoabHbf ounTt o6o3naven ,0° (Kapnosa u Muxai-
A0Ba)

[Mocsie ynaneHuss aKTHBHbIX MpPHMeCeii Pa3/HYHbie JKeNaTHHH MPHOO-
peTaloT OIHHAKOBHE CBOHCTBA B OTHOIUCHHH H3MeHeHHs pBr u BIHsHUA
Ha CKOPOCTb CO3peBaHHs (NPeBpaLalOTC B MeLJEHHO-1eHACTBYIOlLHE),
COXpPaHsfi NPH 3TOM HCXOJHOe 3HaueHHe S, [50]. Ha puc. 13 npuBenens
pe3y/bTaThi ONLITOB, MJJIOCTPHPYIOUIHEe cKasaHHoe, [las onbitoB Owin
B3AITHl ABe XEJAaTHHH C Pe3Ko OTJHYHHMH KO3p(PHUHEHTaMH AKTHBHOCTH
(0,05 u 0,60). C npumeHeHHeM 3THX 06pa3lOB B HaTypajbHOM BHAe H
nocjie 3JeKTpoAHaau3a 6Gujo H3yyeHo BJAHAHHe pBr Bo BTOpPOM cCo3dpe-
BaHMu Ha ¢ororpadHueckHe CBOHCTBA 3MY.IbCHH, [lpHBedeHHbe AaHHBE
MOKa3bulBalOT, UYTO YlaJeHWe AaKTHBHbIX TIpHMecefl, B TOM YHCJe M Tex,
KOTOpbie MOTVT YYacTBOBaTb B LEHTPOOOPa3oBaHHH (BOCCTAHOBHTeNeR H
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CePHUCTHIX COe1HHEHHH), jenaer XKeaaTHHbl TNMPAKTHYECKH OJIMHAKOBHIMH.
B ne. i ¢ 3TiM OUeHb BaXKHO OTMETHTb, UTC MPH TOM COXpaHseTcsa yCTa-
HOBICHHAS COTIPSXKEHHOCTh MEXNY KHHETHKOH H3MeHeHHsi CBCTOUYBCTBH-
TCABHOCTH, POCTA ByadH W o6pasoBaiHs HeralouaHoro cepeGpa. flostomy
MO0 MPETOI0KHTb, UTO CHOCOOHOCTL «4HCTOi» (1e3aKTHBHPOBAHHON)
e 1aTHHB 06pa3oBHIBATL cepeOpaHble NMpHMecHble LUEHTPB 3aKalo4aeTcs B
TOM. UTO OHA SBIHCTCS dKlenTopom 6poMa, T. e. o6pa3oRaHue cBOOOAHOrO
cepebpa MOMHC GOLACHUTD cenyiouteii cxemoit: Ag Bri~+ Gel+ ~Ag
L GelBr., TTottrepa1enieM CpaBHHTEIbION JerkocTH 0Opa3oBaHus TaKHM
HVTeM  CepeGpsHbIX  LEHTPOB MOTYT CJYXKHTb OMNbiTh [54] HarpepaHus
KpHeTation AgBr B AHCTHIIMPOBAKHOR BOde H o0pa3oBaHHA Ha HMX NoO-
BEPAHOUTH CePCOPSIHON TIICHKM, YTO MPOHCXOHT, MO BCel BEPOATHOCTH, 33
cuetl HPOMAKUENTOPHOH CMOCOOGHOCTH BOMMI.

=

L %Y

4 2
3 \
CUPOIUOY BAYWN Yy,

Puc. 13. Bansune pBr (pAg) peakunonHoR cMecH

BTOPOFO CO3PEBANMA HA H3IMCHEHHE MAKCHMAab-

HOW CBETOYYBCTBHTEAbHOCTH Suaxe, BYaau D, (B

MOMEHT JOCTHXEHHA Syaxc) W BPEeMEHH T AOCTH-
KeIHA Suaxe (Yacn) [Muxaiinona)

] -%enaTHHR ¢ KOSDPHUHEHTOM aKTHBHOCTH K = 0,05; //—xe-
AaTHEa ¢ K=0,60; a—XeAaTHNE HCXOAKAR; 6—NOCAE SACKTDPO-
suaznsa. Kpusue o6oswauawr: / — Sy PBri 2 — D, (npn

Spyaxc) PBri 3 — T (Syaxe) PBr (ycaosns nepsoro cospesa-
HHS — OxmMaxoBbie; pAg = 11,4 — pBr)

U1 wocAeTCA BJIMAHHA HAa KPHCTAJJIH3AUMOHHBIK Mpollecc, To pasHue
OOpP« il ACTATHHB BBI3bIBAIOT CPAaBHHTEJbHO HeGO/blIoe H3MEHEHHe
ancHe ox 1H TBepJ1ofl ¢a3nl [52], mpHYeM OCYLIECTBJSETCA OHO, KaK 3TO
BH/IHO 11 ¢ pe3VJIBTATOR COOTBETCTBYIOLHX ONBITOB, NPHBE/IEHHHX Ha pHc. 14,

101 ek THHCM AKTHBHBIX NpuUMecel, 006J1a1al0LKX TOPMO3siLeH Pynx-
ILHeN.

9. CnexkTpaJbHbie CBOWCTBA ONTHYECKH HECEHCHOMIM3UPOBAHHBIX
3MYJIbCHI

.11 61l CBETOYYBCTBHTEJNbHOCTb 3MYJbCHA 3aBHCeJa TOJBKO OT OMTH-
L1\ CBOWCTB TraJjoreHniaa cepe6pa, ee crieKrpajibHas o6sacTb OTpaHH-
Jlach 6B COOCTBEHHOH TOJIOCON MOMioLteHHst rajoreHuaa. Oaako
Hka3ano 55, yTo 6poMHCTOe cepeGpo, AHMCNEprHpoBaHHOe B IKe-

Jda - - Aanaer YyBCTBHTENBHOCTbIO He TOJIBKO K Jy4aMm CBOero norJo-
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LIeHHsA, HO M JJMHHOBOJHOBOH CBETOUYBCTBHTEIBHOCTBIO, PE3KO YMEHb-
malonleficss K KpacHOMY KOHILlY CIeKTpa.

H3yuenue [56] BJHSHHA XHMHUYECKOro CO3peBaHHsi Ha CBETOYYBCTBH-
TeJIbHOCTb TIOKA3aJ0 OIMHAKOBOe BpeMs JOCTHXKEHHs MAaKCHMaJbHO#
obweit (Sy) H «cuHei» (S),5) CBETOUYBCTBHTEJbHOCTH H 3aMETHOe OT-

cTaBaHWe POCTA [JHHHOBOJHOBOH CBETOYYBCTBHTeAbHOCTH. Kpome Toro,
Sy ¥ Sy CHIBHO 3@BHCAT OT COlepxKaHusi HOAHCTOro cepeGpa B MYJb-

CHH, TOrla KaK Ha TNPHMECHYIO CBETOYYBCTBHTENbHOCTb 3TO BJIHAHHE HE
OKa3HBaerT.

al

J{
¢
% //_‘_-*
s @ ) . . /
s v @ 7./ mw |5 w @ ./
g w f‘—"ﬁ
. ab

- 2 2
S 0 & 20 N O & 7 200
Bpemsn | cospebomen & mun

Puc. 14. Bananne yckopurexed [H TOpMO3HTENeA XHMHYECKOro
CO3peBaHHs Ha CPEeAHHA pa3Mep SMYNbCHOHHHX MHKDOKpHCTAA-

a0B (x) [Muxafaosaj.

] — e — *—3EAATHHE HCXOAMaf, —O0—O0—NOCAE 3ACKTPOANAAH3A; [—XeAATHRER
(N456) ¢ xoanuecTBOM TOPMO3nTEAeR 20-1077 2-aK8 ma 1 2; 2—xeaaTuna (N 482)
¢ KOAHYECTBOM TOPMO3MTeAeR 351077 z-sxs wa 1 2, Il =@ —e — XexaTHNR WHC-
XOAHAS, —0—0— MOCAE NAODOAHHTENBHOTO BBEACHHN €CTECTRENNMX YCKOPHTEAER
HAW TopMO3MTered. /—rxeaaTnna (N 482) ¢ MaAMM KOAHUECTBOM ycxoputeaeh
(211077 2-3xs ma 1 2) + ecCTeCTBEHHbe YCKODNTEXM (INOANAR ¢paknws nocae
INEXTPOANAAHIE MEAATHHH N 456 ¢ 6OaBIINM XOANYECTROM yckoputeaeh
(12-1077 2-3x68 Ma 1 2); 2--xeraTuna N 456 + ecTecTReNNM e TOPMOSNTEAH (Ka-
T0AHas® (GPAKMNE MOCAE SAEKTPOAMAANIA MEAATHAM Mo 482)

Jlannble KCePHMEHTOB CBHIETENBCTBYIOT O BaXKHOA pOH B 3MYy.lb-
CHOHHBIX MHMKDOKPHCTA/J1aX TPHMECHHX JIOKAJNbHHX HapylleHHi, obpa-
3yIOUMXCS KAK CJeICTBHE TOMOXHMHUYECKHX peakuufi. [oaToMy csel0Ba/io
OXHaTh, UTO H3MeHEHHe CBETOUYBCTBHTEJbHOCTH 3MYJbCHH AOJDKHO Ha-
XOMHTbCA B 33aBHCHMOCTH OT ee NPHMECHOro CMeKTPaJbHOro MOrOLICHHS.

[Ipd HCCJIeOBAHHH CTEKTPAJbHOTO MOrJOUIEHHS MPUMECHBIX LEHTPOB
06HApYXHIach TaKas »Ke TOHKas CTPYKTYpa, Kakas YCTaHOBJEHa TNpH
(OTOXHMHYECKOH OKPAcKe HJH HanblleHud cepe6pa B BaKyyMe Ha raJjo-
reHuaocepe6psnbit caoil. OueHb BaXKHBIM (AKTOM SBJIAETCH COBNajeHHe
[OJIOMKEHHI TMOJNOC TOHKOA CTPYKTYPH y pasHbiX TajloreHuio cepe6pa,
YTO CBHAETEJbCTBYeT O CJ1a6ofi CBA3H NMPHMECHBIX IEHTPOB C KPHCTaJJIH-
yeckoil peiuerkolr. OTciona caelyer, 4To cepeGpsiHble UEHTPH HAXOAATCH
B aJCOPGHPOBAHHOM COCTOSIHHH BO BHYTPeHHHX JAe(eKTHHX 30Hax H Ha
HapyXHO# MOBEPXHOCTH MHKPOKpHcTasos [37]. Ecnu npocseiHTb 3a H3-
MeHeHHeM MpPUMECHOro cfeKTpa B Tpolecce XHMHYECKOro CO3peBaHHT,
OKaXeTcsl, YTO CMeKTpaJbHbie KpHBbie CHayaja PaBHOMEpPHO NOBHILIAIOTCA,
a 3aTeM TOHWXKAIOTCS CO BpeMeHeM Co3peBaHHs [57].

B3aHMOCBSI3b MEXAY H3MeHeHHeM TNPHMECHOro TMOMVIOWeHHst U CBeTO-
YyBCTBHTEJLHOCTH HM3yuanach (58] comocraB/ieHHeM KHHETHYECKHX KPHBHIX:
CTPOMJIHCh, C OXHON CTOPOHH, MOHOXPOMATHYeCKHe KpHBHIE, MOKA3HBAlO-

22

Declassified in Part - Sanitized Copy Approved for Release 2011/11/15 : CIA-RDP80T00246A063100080001-2



Declassified in Part - Sanitized Copy Approved for Release 2011/11/15 : CIA-RDP80T00246A063100080001-2

lide 3aBHCHMOCTb MPHMECHOrO MONVIOIIEHHsT AJs Pa3HbiX A OT BpeMeHH
CO3pPCEaHHA, a C APYrofl — KHHETHYeCKHe KpHBHe M oblleii CBETOYYB-
CTBHTeIbHOCTH (cM. pHc. 15). Kak BHAHO H3 pHCYHKAa, MOHOXpOMaTHue-
CKHe KPHBHIE XapaKTepH3yIOTCH ABYMSl OCOOEHHOCTAMH: BO-NepPBHX, A/
pasHbiX . OHH 60.lee WJIH MeHee MOAOOHH H, BO-BTODPbIX, COXPAHAIT OAH-
HAKOBOC TMOJIOXKEeHHe MAaKCHMYMOB, COOTBETCTBYIOUIHX BpeMeHH JIOCTHXKe-
HHA S,ac. B NepBOM CO3PeBAaHUH, NPH HaJHYHH NOJOGHS, MOHOXPOMATH-
YecKHe KpHBHE B AdaHHBIX YCJOBHAX HMMEJH [Ba MaKCHMYMa, KOTODHIM
COOTBETCTBOBAJH TaKXe MAaKCHMYMbl CBETOYYBCTBHTEJbHOCTH.

st r i : s
an 200
A
i 0
A
0

[ 2 3 L 5 1 2 J ¥ 5t casped

008

Qos

oov

o

—

Q@

Puc. 15. MouoxpoMaTtHyeckHe KDHBHE, MOKa3biBapluHe

3aBHCHMOCTb MNOFJAOUIEHHA OT BPEeMeHH BTOPOro Co3pesa-

Hun t;. 1—h 450, 2—1 500, 3—A 600, 4—A700 ap (AD—onTH-

yeckHe NAOTHOCTH NPHNECHOrO cnekTpa; kpueas A noka-

3WBACT H3IMCHEHHA CBETOYYBCTBHTEAbHOCTH § (/—6pomo-

cepe6bpanan IMyabcus; //—O6poMmofiogocepe6psanan sNyab-
cHa, 5 mox. % Agl (Bapwmasep)

Mono6He KPHBHX A Pa3HbiX ~ TOBOPHT O KayeCTBEHHOM MOCTOAH-
CTHe NPHMCCHOTO CMEKTPa, HE3ABHCHMO OT BPeMeHH CO3peBaHHs, T. e. 00
OAHPOHOCTH TIePBHUNBIX UEHTPOB, OTBETCTBEHHHIX 3a TOHKYIO CTPYKTYpY
notJoueHns. CylleCTBOBAHHEG MAKCHMYMOB Y 3THX KPHBBIX CBHAeTeb-
CTEVET O HeO1HHAKOBOM H3MEHEHHH MpPH CO3PeBaHHH KOHUEHTPAUHH 3THX
entpos. CoBnajeHHe BpeMeHH JOCTHXEHHS MAKCHMYMOB MOTJIOUEHHs H
CBETONYBCTBHTE/IBHOCTH yKa3hiBAET HAa HeNocpe]CTBEHHOe BJIHAIHHe cepe-
GpAHLX TIePBHUHBIX LEHTPOB Ha S 450 H Sy.
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OrcraBalHe CKOPOCTH POCTA LTHHHOBOJIOROW CRCTOM\ HeTBHTENBHOCTH,
HA000pPOT, YKA3blBACT HA HHOE TPOHCXOMICHHC vHETONY BUTBHTENBHOCTH B
3TOM 00JacTH cnektpa (. K mu). JIpyviruM 10K43aTe IbCTBOM TOI0
SIBJIACTCA TO, YTO cojep:Kahue Agl B 3MV.ILCHE He BIHAET Ha LINHHO-
BOJIHOBYIO CBETOUYBCTBHTEIbHOCTb, @ BMeUTe ¢ TeM BBI3BIBACT YBe.lHuchue
KOHUEHTPAUHH NMEPBHYHBIX IIEHTPOB H OOWICH (4 CJ1e10BaTe/IbHO TikAe
«CHHEH») CBeTOYYBCTBHTEJBHOCTH.

HeO}lHHaKOBoe H3MEeHeHH¢ KOHUEHTPAUHH TEePBHYHBLIX HEeHTPOB, o BH
AHMOMY, SIBJISIETCSl Pe3yJbTaTOM CBOETO POAA «KOArv.IsitiHi» ux B Oo.ce
KPYAHbIE arperathl, YTO OCYLIECTB/AETCA NYTeM MHIPallHi Cepebpa, nak
37O cJeayeT W3 Hab.aoaeHHs Mutueaaa '59'. B naudae coslpeBanHs Ha-
KOMJIeHHe MNepPBHYHBIX LEHTPOB MPEBHILIACT MX «ROAINTAIUHION . TO31HCe
BCJIECTBHEe YCKOPEHHSl TNocJelHell, KOHUEHTPalli# NepBOHAYATbHHIN Ha-
CTHI, YMEHbLIAETCH H BhI3HBAET CHHXKEHHE OO\(.I0BIHBACMOTO HMH 110-
rioweHHs. KoHueHTpauusi oO6pasylouHxcs 060aee  KPVUHBIX  drperaion
(NMPCAKOIIOHAHBIX LEHTPOB), OTBETCTBCHHHX 32 ATHHHOBWIHOBYIO B lo-
YYBCTBHTEJIbHOCTb, 3HAYHTE1bHO MeHbIlE, HA UTO VKA3HBACT O4YeHbL Ma.lafl
BeJIHYHHA BLI3LIBAEMOll CBCTOUYBCTBHTEIBLHOCTH (1a 4—6 MOPAIKOB MeHY -
e «CHHeH» CBETOUYBCTBHTE/IBbHOCTH). TdK KaK ClleKTPOOTOMETPHpPOBA-
HHe NMPOHCXOAHJIO HA rPaHHIEe YYBCTBHTCJIBHOCTH TNPHMEHABUIHXCH MNPH-
60poB, 3TO He MNO3BOVIH.JI0 OOHAPYXKHTb CNEeKTPa.lLHOe [(1O710LIEeHHe BTO-
PHYHBIX NPHMECHHIX LEHTPOB.

OtaxuHe B KapTHHe MEePBOr0O CO3PEBAHHA CBH 3dHO, [0-BHAHMOMY, C
KpHcTaaau3auned AgBr, Bui3nBaloulelt <«OGHOB/eHHe» TOBEPXHOCTH pa-
CTYIIHX KPHCTaJJ0B H O6pa3oBaHHe PeaKIMOHHOCNIOCOOHBX MecT. B 3toii
CTaJHH UeHTPooOpa3oBaHHe H POCT KPHCTAJIOB IIPOTCKAIOT O.IHOBPCMeH-
HO; CJIeJOBAaTeJIbHO, BO3HHKAIOIHEe TNpHMeCHHhle UeHTPH  (llepBHYHHe H
BTOPHYHHE) [JOJ/KHB OCTaBaTbCsi BO BHYTPEHHHX IOKA.IbHBIX HAPYLICHHAX
peLIeTKH.

10. CTpyxTypa npMMecHbXx uentpos u ux QyHxumm

CBelleHHs1 O BeJNHUHHE W CTPYKTYpe IPHMECHBIX UCHTPOB MOXHO NO-
JIVUHTb H3 pPe3yJbTaToB CNeKTPOPOTOMETPHUCCKOTO HCC.I€10BAHHA  s0.€H
cepebpa [60). B xoae Hccie10BaHHA, Ohl10 1HOKA 1@HO, 4TO B CMEKTPe 3045

cepebpa TakxKe OOHAPYXKHBACTCH TOHRUA 1Py wi1VPA, Ho Ha Poue  KOJO-
KOJI0UOpa3HOH KPHBOH Totdomteting [Ipu o0 v cafii oo onafileHHe
HJIH HCYE3HOBEHHE TOHKONH CTPVKTVPbL CHEKTha M suene s pon 13, eCJIH
30JIb CJHMBATH N0 BAAXKHONR KOIOJHOHHOH [IEHKE, H NORK.icHie  TOHKOI
CTPYKTYPhl B ClieKTpe caMoii NueHKH. Takoe pa3jesleHHe MOhd shindeT. 4TO
cepebpo, KpoMme KOJTOHIHON CTeneHH IHCTICPCHOCTH, MOXET Hit.o Litihest
B HHOM COCTOSIHHH. MOXHO HPeaNno.dorkiibL, 1T0 YACTHLH, OTHeOTC e HHe
34 TOHKYIO CTPYKTYPY, HMEIOT A4TOMHO-MO.ICRVIAPHBE Mo, ye
MOXHO YaCTHYHO, a,1COPOHPOBAHBI HA VALTPAMHRPL ROTIUCCRIN -, 1=
JHKAX 3005 cepeGpa. IDTH JaHHble NOZBOIHIOT CUMTT: TO e, b e
cepe6psiHbie LEHTPH HMEIOT TAKAKE aTOMHO MiMICRV.IAPHBHN Nitpae 1 A
HAXO/ATCH B PABHOBCCHH C GPOMUCTOM CepefipoM, T. €. afcopfin . v 4 3
JledekTax peweTKH 3MYJIbCHOHHBIX MHKPORpPHCTATLTIOB, Coey 1 siMe uTh,
YTO aTOMHO-MO.IEKYJAPHBIC YACTHIN OMCHE . TORYUBH B ¢ VU o U PpeOpA-
HOTO 30J151 W, HA000POT, BeCbMa Jd(ilLiLib B OTHOLWIEHHH pOcTd, kot 12
OHH Haxo1ATcs B paBHoBecHH ¢ AgBr. Ecid pyROBOICTBORATLCA \Kitia
HiieM Mutuesna [61] 06 37eMCHTApHHIX cepeOpsHbN  HaCTHIAX, MOXKHO

Mpe/iNOVIOKHTb, 4YTO MEPBHYHHIMH LEHTPAMH SABJIAKOIH HMEHHO TakHe
NPOCTeHIIHE YaCTHLH.
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Taknm 06pazoM, MOXHO TOBOPHTb O Tpex THMax cepeGpsiHBIX MpHMeC-
" wx ILCHTPOB: O MePBHUYHBIX ATOMHO-MOVICKYJASIPHBIX UEHTpax, 0OyCJOBJIK-
BaOUUX VpoBelb Sy ¥ Sj.y, H XdPAKTEPH3YIOWHXCH TOHKOH CTPYKTYpOH
CHCKTPa HOIVIOWCHHA; O BTOPHYHBIX MNPEJKOJIOUAHBIX LEHTPaX, OTBETCT-
BCeHHLIX 33 AJHHHOBOIHOBYIO CBETOUYBCTBHTEIbHOCTb, H O KaTaJHTHYECKH
AKTHBHBIX aMOP(HBIX LEHTPax MNpPOsSIBJIEHHS.

B noarsepxaente H3.10KeHHbIX BbIBOAOB CJElyeT YKa3aTb, YTO CYyllle:
cTROBaHNe cepefipa B MOJCKYIPHOM BHAe (a TakKe Mo H o 30J0Ta)
ObL1O OOHAPYKEHO B MApax 3THX METAIOB CMEeKTPOCKOMHUeCKHM H Macc-
CHCKTPOMETPHUCCKUM — MeTodaMH  [62-—65]. CyulecTBoBaHHe aMOpGHbIX
HWHIPOB  OBLIO  MOK43aHO  3/JCKTPOHOTPAGHUYCCKHM myTem [66), npuyem
CbL10 YCTAHOBIICHO, YTO MOSIBJICHHE KPHCTAMJIHYECKHX Ag-LEHTPOB CONpo-
OA1AeTCs] ABJACHHAMH HHBEPCHH ByaJH B CJydyae CO3peBaHHs HJH COJA-

['M 441K TIPH SKCMOHHPOBAHHH, T.€. YMeHblUeHHeM KaTaJlHTHYeCKOH aKTHB-
HOCTH 11eHTPOB.

[1peBpaulcHie MepBHYHBIX LEHTPOB BO BTOPHYHHIE M, AaJiee, o6pa3o-
BAHHC 1IEHTPOB TPOABTEHHS NMPOHCXOAHT KAaK MPH CO3PEeBAHHHM SMYJbCHH,
Td4K H NpH 1efdcTBHH cBeTd. B nocjeaHeMm ciyyae HMEIOT MECTO He TOJIbKO
IIpoCcTeilllide TIpeBpalledust Mo MHTYelly, HO W HemocpelACTBEHHOe y4a-
¢'iHe [IPUMECHBIX LEeHTPOoB B OOPa30BAHHH CKPHITOro H300paXkeHHs.

HauaabHbie MO 1yKTHl NMEPBHYHOTO aKTa JYYHCTOH 3Hepruu, obpasyio-
uecs BHyTpil MOHOKPHCTAJTHYECKHX 6J10KOB, MOr'yT BBIXOAHTbL Ha INO-
BCPV'IOCTh KPHCTA11A HIH B JledeKTHble 30HBI (AHCJOKAlMH, KOHTAKTHHIC
nosepxuoctH). as obecneyenusi mosge3Horo AeHCTBHs (OTO3JEKTPOHOB
HeOOX01HMO NPHCYTCTBHE B 3THX MeCTax akuenTopos 6poMa H aKuenTo-
poB WICKTPOHOB. [lepBble HeoOXOAMMBI AJS MpPeJOXPaHeHHsi HayasbHhIK
% VRTOB OT peKoMOHHAUMM, BTOpble — JAJsl CO3JdaHHA UEHTPOB CKphi-
to1o HioOpaxeHusi. TakuM o6pa3oM, ypoBeHb UYBCTBHTEJIbHOCTH MHKPO-
KPHCTQIOB K JIyYHCTOR 3HEPIHH HOJIXKEeH OnpeleaTbcsi ABYMs (akro-
paMit - HAJIMUHeM TeX M JPYFHX akKuenTopoOB.

B 3TOM cJ0XKHOM npoluecce MepBHYHble WEHTPbl OCYLIECTBASIOT, [O-
BHIHMOMY, GYHKIMIO CBA3bIBAHHA aTOMOB OpOoMa, Ha 4TO yKa3biBaeT CJe-
Avioluee 06CTOATENILCTBO: XOTS CMEKTP NOTJIOWEHHST ¢ TOHKOH CTPYKTypoO#
STHX 1{CHTPOB PACMPOCTPAHSAETCH HA BCIO BHAHMYIO 06J1acTb, HX BJIHSIHHE
OrpaltHUMBAETCH JIMIIL COGCTBEHHOH CBETOYYBCTBHUTE/IbHOCTBIO. [lo3Tomy
MOXHO CUHTaTb, YTO paccMatpuBaeMble MutuesnnoM [67] paBHOBecHsl THNA
Ago+Age<> Agyt CUJIBHO CABMHYTHI B CTOPOHY HeliTpaJIbHBIX YaCTHL WU
JKe BOBCE OTCYTCTBYIOT, T. €. CYLIECTBYIOT TOJBKO 3/1€KTPOHO-HeHTpalb-
Hble MOJIEKYJIHI.

BropHuHble eHTPHI, BO-NEPBLIX, CO3AAIOT AJHHHOBOJHOBYIO CBETOUYYB-
CTBHTCILHOCTD 3@ CYET 3JEKTPOHOAOHOPHOH GYHKUHH H, BO-BTOPHIX, Npu
JLOCTpOiKe TIPeBpPaLlAlOTCsl B UEeHTPbl nposiBieHusi. CJaefoBaTeslbHO, OHM
SAGIAITCS CVOJTATCHTHBIME 1leHTpaMH. MMeloTcsi 1anHbie, 4TO TaKHe LEH-
TP MoryT  ajlcopGHpoBaTh cJgaGo CBS3aHHble ¢ peLIeTKOH HOHB cepe-
Opa b8

KaTtaJaHTHyecKH aKTHBHble aMOpQHble LEHTPbl, HHHUWHPYIOLHe TNpo-
SiBICHHC, MpeICTaBAsT co60i yacTHUH cepebpa Ha MNpejejie TePMOAHHA-
MHYCCKOIT veTofiyuBoctH [69], roToBble MepeHTH B KPHCTAJIHYECKOe CO-
CTOSIHE, T. €. YacTHUbl C BBICOKHM 3HEPreTHYecKHM MOTeHUHaJIoM. ITH
YacTHIBL 0Opa3yioTCsl TPH CBA3bIBAHHH (POTO3JIEKTPOHOB MOJOKHTENBHO 3a-
PHAACHHBMHA CYOIATCHTHBIMH LeHTPaMH, GJIM3KHMH K COCTOSIHHIO, Heo6xo-
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AHMOMY 117 Hauana nposisiaenus. Ilo Mutvenny [70] sto Moxuo npea-
CTaBHTb CJeAyIOLell CXeMOoii:

Ago+ Ag," +e > Agdii4-e > Agay .

Karannruyeckoe nefictsie uentpos npossienns CBOJHTCS, BEPOATHO, K
CHHIXEHHIO SHEPIHH AKTMBALHMH PCAKUHH BOCCTAHOBJEHHH, YTO MOATBEPX-
AaeTCs NOHHXKEHHEM 3TOH BEJHYHHH CO BPeMeHeM BTOPOro CO3PeBaHHA
NOBHIUCHHEM B NPHCYTCTBHH HHrHOHTOpa Byaau (71] (Hanpumep GeH3o-
TpHa3oJa).

EcTecTBeHHO nNpeano/oxuTb, uTO yMeHblIeHHe 3HePrHH aKTHBALHH
CBA33HO C HM3GHWTOYHBIM IMOTEHUHAJIOM TepPMOAHHAMHYECKH HEeyCTORYHBH x
aMopHuiX ueHTpoB. [locjennne BH3HWBAOT Hayajo NposiRJIeHHs,, Aopa-
CTalOT 0 MOMCHTAa KDHCTa/IH3aUHH H BCJEICTBHH BhIeNsIOWefics NpH
3TOM TEIJIOTH JIOMOJHHTE/ILHO YCKOPSIIOT BOCCTAHOBHTEbHHI MNpoIlec.
Tak Kak KpucTasnusauus amopdHOM yacTHubI NPOHCXOAHUT He Cpa3y, BHOBb
obpasylolieecst cepe6po B aMOP(GHOM COCTOSIHHM O6ecrieyHBaeT npoaod-
KeHHe npouecca 10 MOJHONO BOCCTAHOBJIEHHS AAHHOTO MHKPOKPHCTaJna.

11. Bausinve Tonorpaduu JNOKaNAbHBX HapyuleHHK Ha ¢Qotorpaduueckune
CBOHCTBA IMYJbCHH

H3anoxeHHble MpeACTaBAEHHS O NPHMECHKIX LeHTPax H BTOPHYHHIX
npoueccax npH o6pa3OBaHHH CKPHTOrO H306paXKeHHS] MOXKHO HJIIOCTPH-
poBatb cxeMoit (cM. Tabauuy 3), NnokasniBaloweil BHyTpeHHee XHMHYecKoe

" €HHCTBO QoTorpadHyeckoro npouecca. UHnmu CJIOBAMH, 3TOT CJOXHHIR

npouecc M conyTcrsyiolude eMmy 3¢¢exTn npeactasisior cobofi psag mo-
C/1€L0BATENbHO MPOTEKAIOUHX BOCCTAHOBHTEbHO-OKHCHTEIbHEIX peaKUHR
H SIBIEHHH nepepacrnpeje/eHHs1 3J]eMeHTapHOro cepebpa B HanpabJeHHH
NOCTENEHHOro yMEHbUIEHHS €ro JHCMepCHOCTH. MHTepecHo oTMeTHTb, uTO
nofo6Hasi NOC/eN0BaTENbHOCTb NPEBPALIEHHH OT ATOMHLIX (yepes Modae-
KyJIfipHbHE) B KOJJOHAHbBIE LEHTPH OKPACKH HaGJIOfaeTcsi TaKkKe B KPH-
CTa/1aX UIeJTOYHOra/IONAHBIX CO/eH, HO TOILKO NMPH BHCOKHX TeMMNepa-
Typax [72].

Ta6anya 3
Mpespauennn cepe6GpsaHbIX ueHTPoOB B ¢dortorpaduueckom npouecce

downopw @
Aon /%4 /ﬂfm: ’
» - -
BpBgr=Bggeeveveeend N 7N AN, L EEEECRRETRY.
- B pus nep (]
) < anysmept &
MONEKYAADHLE MPEAKOANOMANMC _  KaTAAMTHUECKH _ KPHCTAAAMYECKHE
HUEHTPH HEHTPH ~ aKTHBHHE UEHTPH KOAXOHAM

[lepepacnpenenciie cepeGpa u poct uentTpos coBepllaeTcsi Kak BO
BHYTPCHHHX Je(eKTHBIX 30HAN, TaK H Ha NOBEPXHOCTH KPHCTA/IOB. BMe-
CTe ¢ TeM 178 0oObIMHOrO npouecca NposisiieHns ocoboe 3HAYEHHe HMEIOT
NOBCPXHOCTHLIE LHEHTPbI. I'Ioaromy OYeHb BaX>XHO 3HaTb, Kak B3aHMO}18ﬁ-
CTBYIOT MeXA1y c060ii BHYTPellHHe H NOBEPXHOCTHHIE JIOKaJbHble Hapy-
WeHH H KAK 3TO OTpaxkaetTcs Ha  QOTOrpaduUecKoi 4yBCTBHUTENbHOCTH.

Tak kak nepsuuible NPOAYKTHl ACHCTBHA Jy4HCTO 3HEPTHH MOTyT

26

Declassified in Part - Sanitized Copy Approved for Release 2011/11/15 : CIA-RDP80T00246A063100080001-2



N ——) J PR

Declassified in Part - Sanitized Copy Approved for Release 2011/11/15 : CIA-RDP80T00246A063100080001-2

BbIXOJHTh HE TOJBLKO Ha MOBEPXHOCTb MHKPOKPHCTAJJ0B, HO H BO BHYT-
pennie J1eeKTHbie 30Hb, BTOPHYHbIE TPOLECCHl COBEPLIAIOTCS, OYEBHIHO,
B TeX M Apyrux mectax. HeTpyaHo MOHATb, YTO MPH HAJHYHH CIAHIIKOM
60.161L0H KOHLEHTPAIlHH JIOKAJbHbIX HapylleHHi MocJjefHHe MOIYT OKa3hl-
BaTb BpejHOe BJHSIHHE Ha CBETOYYBCTBHTEJIbHOCTb, CO31aBasi «paclblJieH-
Hoe», MaJo 3ddeKTHBHOe CKpbTOe H306paxeHHe. B OCHOBHOM Takyio OT-
PHLATEJEHYIO POJb MOFYT WIPaTb BHyTpeHHHe HedeKTH, uTO, AeACTBH-
Te/IbHO, TMOATBEPMKAAETCS IKCNEePHMEHTAJNbHHMH HaGJMI0leHHAMH, HanpH-
Mep HH3KOMl CBETOUYBCTBHTEJIBHOCTBIO BHICOKOAHCTEPCHHX —3MYJbCHA —
O4YeHb MeJKHe MHKPOKDHCTAJJIb BeCbMa HECOBEpLIEHHH H MO3TOMy IO-
BEPXHOCTHAsi XHMHYeCKass CeHCHOHIH3alHsA He B COCTOSHHH YJYYIUHTD
noJioXeHHe fena,

Takasi e KapTHHa MoXeT HaGJI0aTbCA Y IMYJIbCHA HOPMaNbLHOR AHC-
NepCHOCTH, 0COGeHHO y GpoMOcepeGpAHBIX SMYJIbCHA NPH AMMHAYHOM Me-
Tole M MOBHILEHHOH TeMMepaType mepsoro cospesaHusi. [Ipy OAHHAKOBOM
BpeMeHH CO3PeBaHHsi C TOBLILIEHHEM TeMIepaTyphi BUpaxaiot Gosiee Kpyn-
Hbie, HO, OYEBUAHO, MeHee COBepIUEeHHHe KPHUCTAaMH. D10 Xe 06CTOsATe b~
CTBO /10JIKHO CNOcOGCTBOBATh TONOXHMHYECKHM NpeBpalleHHsIM, BeAYILHM
K 06pa3oBaHRMIO B MeCTax HapylleHHi npuMecHHX UeHTpoB. CkasaHHoe
NoATBepXKAaeTcs, BO-MEePBbX, NOAOOHeM KPHUBHIX HauaJbHOM BYaJH (ne-
pea BTOpPHM CO3pPeBaHHEM) M CpelHero pasMepa MHKDPOKDHCTAJIOB, H,
BO-BTOPHIX, H3MEeHeHHeM BpeMeHH [OCTHXXEHHS MAaKCHMAaJIbHOA CBeTouys-
CTBHTEJILHOCTH B 3aBHCHMOCTH OT TeMIMepaTypHl MepBOro Co3peBaHus (CM.
puc. 16). To U Apyroe cBHeTeJbCTBYeT 06 yBeJHYEHHH peaKLHOHHOM
CNoco6HOCTH GoJee KPYNMHBIX MHKPOKPHCTA/JIOB, KaK CJAeACTBHe HX Gosib-
wero HecoBepileHcTBa. HecMOTpsi Ha MNoBbillIeHHe MOBEPXHOCTHOR aKTHB-
HOCTH KPHCTAJlI0B C TNOBBILIEHHEM TeMIepaTypn MepBOro CO3peBaHHs,
HauaabHaf (mepej BTODHM CO3peBaHHeM) CBETOYYBCTBHTENbHOCTb TNPH
gToM pe3ko napaer. OObACHAETCA 3TO yXyAIIEHHEM ycJI0BHi 06pa3oBaHus
3¢)}eKTHBHOTO CKPHITOrO H306paXKeHHsi BCJIEJCTBHE YUaCTHS 60J1bLIOTO YH-
C/la BHYTPEHHHX JIOKAQJbHBHIX HApYUIEHHH, B TOM YHCJe MNPHMECHBIX. Mo-
BEPXHOCTHasi CBETOYYBCTBHTEJbHOCTb, CO3/laBaeMasi BO BTOpPOM CO3peBa-
HHH, He B COCTOSIHHH B 3TOM cCJyyae TpeojoJieTb BHYTPEHHIOIO CBETOYYB-
CTBHTE/ILHOCTb, BEAYILLYI0 K PacCPelOTOYEHHIO CKPHTOTO H306paxKeHHs.
MMo3TOMy MaKCHMaJbHAas CBETOMYBCTBHTEJIbHOCTb C MOBHIIEHHEM TeEMMe-
paTyphl MepBOTO CO3peBaHHs TaKKe MajaeT, XOTH CKOPOCTb TMOBEPXHOCT-
HOW ceHCHOHAHM3aunH yBesiHuuBaercsl. OnucaHHble 32KOHOMEPHOCTH HJLIIO-

; cTpHpYylOTCH Ha puc. 17.

[MosenenHe GpoMoitofocepe6PAHBIX 3MYJbCHA ¢ TMOBHILUIEHHEM TeMMe-
paTyphl TNepBOTO CO3PeBaHHSi OT/IHYAETCA OT YHCTO GpOMOCepeGpsHbIX
aMyabcHiA. B 3TOM cilyyae HabJiojaercsi HeOAHHaKOBOe H3MEHeHHe Ha-
4anbHON H MAKCHMaJbHON CBETOUYYBCTBHTeNbHOCTb (cM. pHc. 18). Onnako
najieliHe obeHX BeJHYHH MPH MOBLILIEHHH TEeMIEpPaTypH NepBoro Co3pena-
HHs, HaunHas ot 45°—50° 31ech TakxKe, BEPOATHO, ABJAETCA CJIEACTBHEM
OTPHLATE.1bHOTO BJMSHHA BHYTPEHHHX CTPYKTYDHBIX HapyLIeHWH.

PaccMOTPeHHble Pe3yabTaThl COOTBETCTBYIOT KapTHHE BHAHHS HA S,uyc
npHUMeHsiBlIeficd B NMEPBOM CO3PeBAHHH JKEJATHHH. Ecan B 3TOff craamu
6paTh )KEJAaTHHB C PAa3JIHYHBIM COJEPXKaHHeM aKTHBHHIX npumecedi, 4
BTOpOe CO3peBaHHe TNPOBOAHTb HA OJHOM JKeNaTHHE, TO Syuc OKa3HBaer-
Cfl TeM MeHblie, yeM GoJsblle 6bJIO BHECEHO «3arpsidHeHHi» B TBEPAYIO
a3y IMYJbCHH BO BpeMsi MepBOro CO3peBaHHA (36]. -

TakuM o6Gpa3oM, npHBeJeHHHe (aKkTHYECKHe JAaHHbHe [A0CTaTOUHO
y6eHTe bHO MOKa3biBaloT, KaKoe BpelHOe BJHAHHE MOXeT OKashBaTb
ypeaMepHas KOHUEHTPALMA BHYTPEHHHX HapYLIEHHA B 3MYJbCHOHHHIX
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MHKpOKpHCTaL1ax. OAHAKO BOMPOC, B KAKOH CTEMEHH BHYTPEHHEC COCTOf-
Hite KPHCTAL10B MOXKET OKasblBaTh MOJOXKUTCILHOe JleficThue Ha (oTo-
rpadHyecKkyio 4yBCTBHTEIBHOCTb, OCTAETCsi NMOKa He paspetuciiubiM. Bos-
MOXHO, He BeCb BHYTPEHHHH OOLCM KPHCTANLIA HIPACT NOJOMKHTC.IbHYIO
poJib, @ TOJIBKO KaKOii-TO MOAMOBepXHOCTHBI c.10if. Bo Beskom cayuae,

s
v

10

so° 55t 3s° w'  us* s0°  s5°
Temnepamypa  nepboco  cospebanus

35w s

Puc. 18. MaMencuua B 3aBHCHMOCTH OT TeMnepatypw

nepsoro cospesanun Ag(Brl) —amyancun nauainwoil

(I, $') n Maxkcumaabiont (11, Spax) CBCTOMYBCTBHICIL-
HOCTH.

KpuBune CcOOTBETCTBYIOT PEIHOMY BPEMEHH HICPBOrO COIPEBAHKN:
I—15 muu., 2—1 vac, 3—2 vaca. —3 yaca (MuxainaoBa)

Ha NpakTHKe MOAGOP YCJOBHI CO3PEBAaHHs 115 MOBLILLCHHS C¢BCTOUYBCT-
BHTEJIBHOCTH 3MYJbCHH MPUXOIHTCH pelaTh IMMOHPHUC KM 1IVTeM, ONH-
pasicb Ha HeKOTOpble O0LIHE CBCICHHST O BAHSIHH OL1CIbILIX KOMIIOHCH-
TOB H (DaKTOPOB 3MYJBCHOHHON Cpeibl.

12. 3on0Tag cencuGuanzauna dororpadUueckon IMYJIbCHH

CeHcHOHH3NPYIOWEe efiCTBHC COT 30.10Ta CBSI3AHO, 110 BCeil BEPOSAT-
HOCTH, C BOCCTAHOBHTEJIbHO-OKHC.THTEIBHLIM MPOIECCCOM, [IPHYEM  BOCCTA-
HOBJICHHC HOHOB 30.10Ta MOXKeT NPOHCXOTHTH 1BM M [IVTAMH -— [PH B3dH-
MOIEHCTBHH ¢ cepeOpAHBIMH HeHTPAMIl IJIH ¢ 2KCTUTHHON.

[Tpu BBeJeHHH COIH 30.10Ta B CHJABHO BVAJIHPOBAHHYIO (Npu Nporod-
KHTEJIbHOM CO3PEBAHHH) 3MY.IbCHIO HAGII014€TC B4 MPOTHBONO/I0XKHbIE
no s¢p¢ekry, Hajaraoolidecs APYT Ha JIpVra 1polecca  yYCTpaHelHe M
nopbiilenye ByaJdn (cM. puc. 19). Ilytem yBesinuennss pH w pBr u yMenn-
LICHHA TeMINepaTypbl MV.IbCHH J€BYATHPOBAHIE NOCIe BBEJICHHS COJH
30.10Ta MOXeT ObiTb NPAKTHUCCKH YeTpaneno, [MosToMy  BO3MOMXKHO, UTO
npouecc Byd.1HPOBAHHA 33KTIOHACTCA B 1OCTPOilKe CVOJIATEHTHBIX cepe
6pAHBIX LEHTPOB 3a CYeT BOCCTAHORJCHHS HOHOB 30.10Ta MO ACHCTBHEM
’KeaaTHHe. Torla noHHKeHHe BV JOKHO NPOICXOIHTL, [0-BHIHMO-
MY, B pe3y/bTaTe «30.10YeHHS» LLEHTPOB BYA.TH, T. ¢. BOCCTAHOR.IEHHSA HOHOR
30.10Ta 3a cueT OKHCJIeHHs aTtoMoB cepehpa. [Toreps katTalmuecKoH akTHB:
HOCTH UEHTPOB BYaJH MOXET OCYLLECTRJIATBCH WM B PCIVILTATC HACTHY
HOTO pa3pylleHHsl 3THX UEHTPOB HJAH BCJEACTBHC 1N HHAKTHPOBAHHS 1o
c/le MpeBpallleHHs NOA AEHCTBHEM 30.10Ta B KPHUTALTHYECKOE COCTOSIH

JloKa3aTe/NbCTBOM OKHCJ/ICHHSI aTOMOB cepebpa ABJISCTCA  [1PONATAH M
aBTOKATaJHuyeCKOH BeTBH Ha KpHBOIl KHHeTHKH OO6pa3oBaHUsi HETa.0H1:
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Horo cepepa NpH CO3peBaHHU 3MYJLCHH B MPHCVTCTBHH CO.H 307072 '35
KpoMe Toro, 310 nojTBepxaaeTcsi npespaieHiem  aMopgnoro cepeOps-
HOPO 3005 B KPHCTATHUYCCKO NOCTI¢ MPHOABIICIIA COMI 30.10Ta B KOJIH-
HeCTRe, HEJOCTATOYHOM 151 MOJHOTO OKHCJIeHHA cepebpa.

Bosee BbICOKAsi CCHCHOMIH3HPYIOULAs ¢NocoBHOCTL 30.10Ta 110 Cpas-
HOHHIO ¢ cepeGpoM MoOXKeT ObiThb CBSI3aH4, ¢ OXHOI CTOPOHDLL, ¢ Ooablieil
SHEPrHCH JHCCOLHAIHI MOJeKya Au, (~50 KKA.1/M0.16), HeXean MOJIEKY.1
Aga ( ~ 37 kKkaa/mo.as) 165’ a ¢ ApYrofi CTOPOHDBI, ¢ BCIHUHHON CPOJACTBY

D J
25
30
{5
Puc. 19. Knnetuka uaMeneitus
Byaan (D,) nocae BaeleHua
e B 3MYJAbCHIO XAOPHOTO 3010TA
Patuep).
© ( )]

] —~pBr =28 pH =60; T =45%
CAuCI., = 51077 2-3xk8. 2 — pBr = 2,6;
pH=6,0;T°=65%; Cp,cy, =16-107 % 2-9x8
3 —pBr=32 pH=714 TO =65
CAuCl, =5107" 2-ax8. (AgBrl—suyan
45 LS 2 cus. D = 1,3—1,4; 1o ocu abcuncca—
BpeM BTOPOro CO3PEBAHHA C MOMEHTA
/

2 BBEACHHA COAH 30A0TAa
< Leospet b

K 9 1CKTpoly, Takxe Gosbluedt y 30710Ta (56 kkaa/e - ar), ueM y cepeGpa
(26 KKkaafe-ar). DTH HHAMBHAYaJ blible OCOOGEHHOCTH 30.10Ta JAOJKHHI,
no BH,AHMOMY, cMOCOOCTBOBATbH HAKOMJCHHIO MOJIEKYJSAPHBIX LEHTPOB H
of.leryaTh MpeBpaleHie cy6/aTeHTHbIX LEHTPOB B HCHTPH CKPHITOTO H3-
00paXKeHHs.

13. Kpatkoe oGoGuwenHe npeacTaBieHHH o npHpose ¢ororpaduueckon
4yBCTBHTEJbHOCTH

Takum ob6pasom, ¢dororpadHueckass UyBCTBHTEJNBHOCTb OTNpeleseTcs
MPHCYTCTBHEM B 3MY/IbCHOHHBIX MHKPOKPHCTa/Iax cepeOpsiHbIX TNpHMeC-
HbIX 1enTpoB. CyulecTBYeT TPH THNA UEHTPOB, obsnajaloliux cneunduye-
CKIIMH  CBOICTBAMH:  MOJEKY.1ipHble LEHTPbl, BO3HHKAWOWHe B MNepBylO
ouepell, H OTBETCTBEHHBIC 3a KOPOTKOBOJHOBYIO CBeTOUYBCTBHTEJILHOCTD!
BTOPHYNBIC [ICHTPB, 06pa3ylolliHecs H3 NCPBHYHBIX BC.1€/ICTBHe Nepepac-
npeiedenis cepebpa 1o «KoaryJasiiHi» B MeJbuaiiliive TPeKOJIOH/IHbe
Wit THILD, ROTOPBIE CO314K0T L THHHOBOJHOBYIO CBETOUYBCTBHTEJbLHOCTb, H,
HaROHCIL, HCHTPBE NPOSIBICHUA, (QOPMHPYIOLLHeC NyTeM LOCTPOHKH BTO-
PHUHBIX  (CVOJATCHTHBIX)  wenTpos o, 6jarofaps KaTajHyecKoi aKTHBHO-
CTH. CHJBLHO VCKOPAIOUIHE BOCCTAHOBJIEHHE 3MYJbCHOHHBIX MHKPOKpPHCTAN-
JORB.

O6pasoBanite NePBHUHLIX UCHTPOB NoA JeificTBHeM OGpPOM-aKUEeNnTOPHOi
qv_\HKlLHH OEIKOBOI'O BEULeCTBA XKOJATHHBI H HX npespauULeHus COCTaBJAIOT
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\HMHUCCKYIO ceHCcHOHH3aumilo Gotorpaduyeckoii 3MV.IbCHH. DTOT CJ0XK-
Itiil npolece MpoTekaeT B O0OHX CTAAHSAX CO3peBalHsA, MNPHUCM OH CO-
CpeloTaulHBaeTcss B JOKAJbHBIX HApYyLUEHHAX MHKPOKPHCTAI0B.

[TpH 3KCMIOHHPOBAHHH 3IMYJIBLCHOHHOTO CJIOSi MPOHCXOAHT,NO-BH,IHMOMY,
K4aK JOMOJHHTEJbHOE HAaKOMIeHHe MEepPBHUHBIX ICHTPOB, TaK W OCTPOIiKa
BTOPHYHbIX. [IpH 3TOM 1eHTpbl, 0Op430BaBLIHECS NPH  CO3PeBAHHH, TNPli-
HHMAIOT HerocpeacTBeHHOe ydyacTite B (OPMHDOBAWHH CKPLITOro H3006pa-
KEHHUSA: MO.1eKY/SiPHble 1eHTPbl CBA3BIBAIOT aToMbt OpOMa, BTOPiUNbIC
ILeHTPbI, HauboJee OJU3KHE K COCTOSIHHIO KAaT4IHTHUECKONl dKTHBHOCTH,
CAVXKHT AJ8 MpeBpallleHHsi B LEHTPbl CKpbITOro H3oGpaxenus. Moxuo
npejiosgaraTb, 4To OJAaronpHATHBEI HCXOA JeificTBUf CBeTa W y4yacTHA
NMPHMECHBIX LEHTPOB B OOGPa30BAaHHH CKPHITOro H300paxkeHHs siBIsleTcs B
3HAYHTEbHON CTeNeHH CTATHCTHYECKHM pesysabtatoM. Kartaanueckasn
AKTHBHOCTb LIEHTPOB MpPOSIBJICHHS CBSA3aHAa, BEPOATHO, ¢ HX dMOPGHBIM,
TePMOJHHAMHYECKHMH HEYCTOHYHBBIM COCTOSHHEM, KOTOpoe 0O0yC/10BJIH-
BaeT TNOHHXXEHHe 3HEePTHH aKTHBALHH H YCKOPeHHC BOCCTAHOBHTECJIBHOIO
npotecca.

HecoBeplleHCTBA KPHCTAJIMYECKOH PEUIeTKH, B KOTOpbIX Haxoasarcd
B PAaBHOBECHH C Ta/loreHHaoM cepe6pa NpHMeCHble UCHTPbI H c1abo CBsi-
3aHHBIC HOHbI cepebpa, sBIs0TCA 00JacTAMH, Tle COBepLIAlOTCs, Tocae
$OTOXHMHYECKOTO aKTa, BTOPHUHBIC MPOLECCH M rie 00pa3yloTcs UEHTPhl
CKphITOro M3o6paxkeHusi. Beixoan TakHx obJacteil Ha NOBEPXHOCTb CJy-
XKAT MeCTaMH HayaJja MNpofBIeHHd.

PaccMoTpedHblii (hakTHUeCKH{T MaTepHa] M HEKOTOPble TeopeTiuecKHe
cobpakeHHsl MO3BO.ISAIOT MOCTABHTb BAXHBIA BOMPOC, MoyeMy Cpeau pas-
JHUHBIX XHMHYECKHX CBETOYYBCTBHTE/bHBIX CHCTCM raJjoreHuaocepeOps-
lible KeJATHHOBBlE 3MV.IBLCHH HMEKT CTO.1b 6oibluie i HenpeB3OHI1eHHbIC
npeuMyulectBa. Ha OCHOBAHHH H3.I0XKEHHOTO MPEICTaBJAETCST BO3MOX-
HBIM C/l€JaTh BBIBOJ, YTO OTBET Ha 3TOT BOMPOC C.1e/lyeT HCKAaTh B ABYX
0cOGCHHOCTAX KeJaTHHBl H rajoreHujgoB cepebpa. C o/110i1 CTOPOHB,
KeJlaTHHa obsafaeT CrMocoOHOCTLIO NMPOYHO aJACOpPOHPOBATLCA Ha raJgo-
reHuaax cepe6pa H CBA3bIBaTb CBOOOJHBIA TraJjlon1, 4TO 10CTATOYHO ANA
06pa30BaHHsi CepeOpSHbIX MPHMECHBIX UEHTPOB B 3IMYJbCHOHHBIX MHKPO
kpHcTadanax. C Apyroil CTOPOHbI, B KPHCTaJ/ax rajoreHiloB cepeGpa
Jerko 0o6pas3yioTcsi He TOJbKO JHC.I0KauuH, HO H Goaee riyGokHe JIOKa.db-
Hble HapylieHHs — KOHTAKTHblc [IOBEPXHOCTH, (031ai0ulie MO3aHYHYIO
CyGCTPYKTYpY H HMrpalollie BMecTe ¢ NMPHMECHbIMH LEHTpaMH 0CO60 Bax-
HYIO poJb NpPH 06pa3oBaHMH CKPHITOrO H300pakeHus W B npouecce Mpo-
SIBJIEHHSA.
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K. B. YHBHCOB, A. JI. KAPNNOBA

MCCJEJOBAHHUE ®OTOrMPA®UYECKOW AKTHBHOCTH
XKEJATHHbI

B nactosiiee BpeMs HMewTCA y6eaHTE.IbHbE 3KCIEepPHMEHTaJb-
Hble JaHHble, KOTOPHE YKa3blBaloT, UTO OJAHHM H3 HCTOYHHKOB ¢o-
. TOrpaHYeCcKoi AKTHBHOCTH KEJATHHH HBAAIOTCH HEKOTOpHE NpH-
MecHble BewecTBa, objanawouie XHMHUYECKHM CPOACTBOM K HOHAM
Ag* W B3aumojaeRcTByomue ¢ TBepaof da3oft smyabcHH. H3yue-
HHE 3aBHCHMOCTH CBS3aHHHIX HOHOB Ag* OT HX KOHUEHTpPaUHH B
pacTBope XenaTHHH nokasmiBaet [l], uto B pacTBOpe, Kpome coe-
JHHEHHH € N1a6HIbHOR cepoi H BOCCTAaHOBHTeJel, HAXOAATCHA JABa
THHA KOMIL.IEKCOO6PA3YIOLIHX BELLECTB: COEAHHEHHS C HAHGOABIWIHM
CPOICTBOM K HOHaM Agt, ob6pasyioiiHe TepMHYeCKH YyCTOWYMBHE,
HeoOpaTHMBIE KOMNJEKCH, H COEJHHEeHHS C MEHBUIUM CPOACTBOM,
JdawliHe ¢ HoHaMH Agt obpaTHMbe KOMMJEeKCH (C NMPOH3BEAEHHEM
PacTROPHUMOCTH 6oabluuM, ueM y Agl)

H3 pa6orw A. JI. KapnoBo#fi (2), Ha OCHOBAaHHH aHa/AH3a MHOTHX
leCATKOB 06pa3inoB XenaTHHH, CAeAyeT, 4TO CTymeHuyatas ¢opma
KPHBHX THTPOBAHHA, BHPAaXAOUIHX 3aBHCHMOCTb CBA3LIBAHHA HOHOB
cepebpa OT KOHLEHTPAUHH 3THX HOHOB B pacTBOpPE KeJaTHHHI,
ABNAETCA CAEACTBHEM MNPHCYTCTBHA HECKOJbKHX BHIOB aKTHBHBIX
NpUMECeH, OTJIHYAOUKMXCA CPOACTBOM K HOHaM cepebpa. Pasanu-
nue o6pasubl XeJaTHHM, CpPeAH KOTOPHX OblJH H 06pa3un HHO-
CIPAHHBIX (PHPM, OTAHYANUCH JHIIL KOJHYECTBOM OTAE.JbHHX BHIOB
dKh THBHBIX IIDHMECEH, KOTOphle OCTAalTCHA, NO-BHAHMOMY, KaueCTBEH-
HO OJHHAKOBBIMH.

Jns xapakTepHCTHKH KHHETHYECKOH aKTHBHOCTH XENaTHHH, T. e.
€e B.IMAHHA Ha CKOPOCTb XHMHUYECKOTO (BTOPOro) CO3PEBaHHSA, BaX-
HOE 3HAYECHHE HMEIOT BHICOTA H NPOTHAXKEHHOCTb NEepBOH CTyneHH
Kpusoit tuTposanus. Habaonenus nokasanm, uto CKOPOCTb co3pe-
BAaHHA 3MYyALCHH TeM 6oJblue, yeM Gosblle BHICOTA H MEHblUE MPO-
TAKCHHOCTH 3TOH. cTynend. OTcioia OHJO CcAenaHO NpeanoJoxe-
HHE, 4TO BLICOTA CTYNEHH onpene.feT COAepPXKaHHE B XKeJaTHHe
VCKOPHTe1eH XHMHYECKOro co3peBaHus (A), Toraa kak ee npoTa-
AeHNOCTH — coaepxande TopMo3uteaed (B). CnexoBaTtenbHOo, CKO-
pOCTh  XHMHYECKOTO CO3PEBAHHA J0JDKHA O6GuTb NPONOPUHOHAAbHA

A
OTHOILECHHIO K=~B—. HMubiMu caoBaMH, 10JXKHA CyulecTBoBaTb 3a-

BUCHMOCTDL Tty =K1, rje t-— BpeMs JOCTHXEHHA MaKCHMaJbHORA
CBETOYYBCTBHTE/NbHOCTH INPH AAHHOH JKeJaTHHe, a T, — HEKOTopas
NOCTOAAHHAA BEJAHYHHA (IPH CTPOroM COGJIOAEHHH YCJAOBHfi mepBOro
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H BTOPOTrO co3peBaHHs 3MyabCHH). HeTpyano MouaTth, 4TO * — Bpe-
MA JOCTHXEHHS MaKCHMa.bHOM CBETOUYBCTBHTE.IBHOCTH, ec.aH K=l.
CylecTBOBaHHE 3TOM 3aBHCHMOCTH A¢HCTBHTE.1bIIO OBIIO OKA3AHO
MHOFOYHCACHHBIMH 3KCEPHMEHTaNbHHMH AaHHbIMH (cM. Tabaniy 1).

Ta6anua 1

ConepxaHue YCKOpPHTeaeR (A) u TopMO3HTEneh (B) B pa3anuHbBIX ejJaTHHAX
Ha OCHOBAHHH AAHHBIX (PHIHKO-XHMHYECKOrO MeTONAa aHANH3a

B 107 2 —exs.
NeNe 06- BhYHCACHHE B | 2 wenaTuum A-107
pasuoB xe- | B=[Ag*|npus-— |Buuncne- Hs xpu z-exs. | ;- A T, MUK
AATHHB — [Ag*lcosa HHe ) P B 12 B ) =K
KIK3 % 107 2-3K8. (cg::::? BOH THT- wen.
Hne) pOBaHHA
1 482 40 53 36 34 2 0,06 500 30
516
35 37
2 3807 53 67 77 43 12 6 0,14 210 29
132 34
40 45 43
3 418 20 34 53 66 10 1l 2 0,20 150 30
10 23 42 8
10 11 11 8
4 443 10 16 67 31 30 8 0,26 120 31
10 15 35
3 31 32
S 7174 40 51 66 80 29 29 9 0,31 90 28
1223 3 50
28 31 28 30
6 A0l | 33 47 20 22 11 0,55 50 28
(ANOHCK.) 13 28
20 19
]
7 4% 40 54 20 21 15 0,75 15 448
18 31
22 20
8 1856 40 54 21 20 18 0,90 35 32
1834
22 20

TakuM 06pa3oM, AR OUEHKH KHHeTHUYECKORi AaKTHBHOCTH Xcaa-
THHB HEO6XOAHMO ONpeldesfTh BLICOTY H IIPOTAKEHHOCTb 1ECPBOH
CTylIEHH HAa KPHBOH CBA3HBaHHA HOHOB cepebpa. Heobxoaumo, oa-
HAaKO, 3aMEeTHTb, UYTO 3Ta CTyleHb HE Yy BCEX XeaaTHn OblBaeT OAM-
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HAKOBO Y€TKO BhipaxeHa. Yro6ul ee He mnpouyctutb, Tpebyercs
JLOCTATOUHOE YHCIIO TOYEK ANA 1HOCTPOEHHA KPHUBOH, OCOGEHHO B

HHAHCH HAYAJbHOH €€ YacTH.

SList usbexanuss oulH60K yAOOHO NPHMCHATHD NPH HAXOXKAEHHH
HPOTHAECHHOCTH HEPBOH CTYHCHH CJEAYIOIHA npHeM |3]: ecan no-

JAVUHTL YKCHEPHMEHTAJAbHBIC AdHHBIE 110 CBA3BIBAHHIO HOHOB cepe-
Opid Hd BTOPOM LIOAbEME (34 UePBON CTYIEHb, HO AO BTOPOI
H.I0NAAKH), PA3HOCTh MEKJLY BBC1EHHBIM B DEaKIHOHHYIO CMecCh H

CBSSHBAHHEIM KOJIHUECTBOM HOHOB cepebpa OyjaeT paBna HPOTH-
KCHHOCTH NEPBOH CTYUEHH.

a B s &Yy

Chasarw Ry'z-610" wa 12 scencmmbs

3R

A AR
Bbedeis Ag*z-m8 107 wa {2 xcemamumts

Puc. 1. KpuBnie turpoBanus pasanu-
Hux ofipa3nop wenatunw I — KXK3
N 482, 2 Ne 3807; 3— N 418;
4—Ne 143; 5—Ne 7175; 6--Ynouck.
AH 101; 7-Ne 456; 8—Ne 1856

Ha puc. 1 npuBeaeHs KpHBbiE THTPOBAaHMA AN 8-MH 06pa3loB
KCJAATHHB PA3NHYHOH AKTHBHOCTH, 00GyC/OBJIHBAOUIHE Pa3JHYHYIO
CKOpPOCTHb cospeBanHs. B rta6auue 1 npuBeseHH JaHHHE aHaJAH3a
YCKOpHTE I H TOpMO3HTeJEeH, NpHYeM AAA MNOCAEIHHX COUOCTAB-
JeHu 3HAYEHHS. B3STble H3 KPHBHIX THTPOBAHHA H BHYHCJEHHHE,
Kak  ykasano Bwoiule. [lpuBeieHHnle 3HaueHHN B=[A,* |opu —
— | A, Jepgs- AN OT/€JIBHBIX 3KCIIEPHMEHTANbHHX TOYEK MOKAa3Mi-
BAOT OYCHbL HEeGO.1bIIHe KONEOAHHA, YTO CBHIETE.1LCTBYET O BECbMa
YAOBICTBODHTEJILHON TOYHOCTH onpenesneHus Topmosuteaelt. Kpo-
Mt TOro, B 1aHHof Ta6.uiue npuseaeHn KO3 UIUHEHTH aKTHBHOCTH

. A
( K= k—), SKCIICDHMEHTAIbHBIE 3HAYEHHA BPEMEHH JOCTHXEHHA

MAKCHMOIBHOH CBCTOUYBCTBHTELHOCTH (t) IPH OAHHAKOBHX YCJO-
BHHX CHIIe3a 3MY.IbCHH H BLIYHCJeHHBle 3HAyenua t, = K-=z. [lo-
CTOAHCIBO HOCJEAHHX CBHACTE.ILCTBYET O JHHEAHOR 3aBHCHMOCTH
MEA.1Y CKOPOCTHIO CO3DEBAHUA H KO3(ppHUHMEHTAM AKTHBHOCTH, a
C/1€1UBATEJNBHO, H O TOM, 4YTO BellecTBa A 06/aal0T YCKOPSIOUIHM
A€fiCTBHEM, TOTrda KakK BeulectBa B —- TOPMO3ALIHM.
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Onucannuit BHYUCIUTENbHBIH NPHEM TNOATBEPKAAET PeabHOCTh
IIepBOH CTYNeHH HAa KPHBOH THTpOBaHHUsA. BmecTe ¢ TeM OH noka-
3nBaeT, YTO HOCJEe CBA3bIBAHHA HOHOB cepe6pa NpPHMECSMH Xeaa-
THHBH C HAHOO/NbIUHM XHMHYECKHM CpPOACTBOM K 3THM HOHAaM B He-
KOTOPOM HHTepBane KOHUEHTpauu# HOHOB cepebpa Habawjpaercs
npexkpauieHHe CBSI3bIBaHHA. DTO SIBJEHHE MOXET ObiTh HCTOJKOBAHO
HAH Kak JACACTBHTEJNBHOE IIpeKpallleHHe CBA3HBAHHA, HJH Xe Kak
KaXyuUlaaCs KapTHHA BCJAEACTBHE O6pa3oBaHHA NPOAYKTOB peaKUHUH
(o6paTHMBIX KOMIIJIEKCOB) C NPOH3BeJeHHEM PaCTBOPHMOCTH Hoablie,
yem y fioaucrtoro cepebpa. Tak kak AeilCTBHTEABbHOE NpeKpalIEHHE
CBfI3LIBAHHA HOHOB cepebpa TPYAHO OGBACHHMO, €CTECTBEHHO OHIJIO
BCTATb Ha BTOPYIO TOUKY 3peHHs, TeM 6oJjee, 4TO YHCJIEHHOE 3Ha-
YeHHEe HHTEePBaJIAa KOHUEHTpauHH, rae OTCYTCTBYeT HeobpaTHMoe
CBA3HBaHHE, TOBOPHT, KAK YKA3aHO BHIlIE, O TOPMO3flleH Cnocob6-
HOCTH XKEJAaTHHH.

A
Tpyauo npeacTaBHTb cebe, 4TO 3aBHCHMOCTH =" cayuafiHa.

K TOMY XK€ B€CbMa BAXHHM apryMeHTOM B NMOAbL3Y TAaKOIro TOJKO-
BAHHA AaKTHBHOCTH XEJIATHHH SABJAIOTCH pPE3yaAbTaThl ONLTOB 3JIEK-
TPOAHAJNH3A — OYEHDb XAPAKTEPHO, YTO YCKOPDHTEJH H TOPMO3HUTEJH
HMEKT NPOTHBONOJAOXKHYIO 3/MEKTPDOXHMHYECKYI0O NMPHPOLY.

Do
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/! 2 3 ¥ 52 1 2 J ¢ 5 §1
flpodarrcumenswecmd  caspebomus [vackr/
Puc. 2. KHuetHueckHe KPHBWC H3MEHECHHA CBETOMYB- .
cTBHTEABHOCTH {S) H pocta Byaaw (D) co BpeMenewm
BTOPOro CO3PEeBatiud B CAydae pa3iibX XKeaaTHil,
/—ncxoaune Xeaatuuel;, //—nocae OMMCTKH HOHOOOMEHHON CMOAOR
(.BOPaTHT® M*)

Jlas yTOYHEeHHS pPO.M UPHMECHLIX BelecTB ObJo H3yueHo [4]
y/JaJleHHE HX H3 KeJaTHHW aji1copOluHeHd H BLIe.IeHHe 3JeKTpoaua-
AH30M. M3 ancop6eHTOB TO.1bKO HEKOTOPBIE HOHOOOGMEHHbIE CMOJM
(BopatHt M+, AH — 1) oka3aauch Ccnoco6HLIMH OTIAEAATh BCe ak-
THBHHE NpHMecH. B peaysnbrate Takoro otaeneHHs pasHbie XeJa-
THHH NPROGPETANH OAHHAKOBHE CBOACTBA. OHH NO3BOJAJH NOAY-
4yaTh MPEXKHIOK MAaKCHMa/JbHYl0 CBETOYYBCTBHTEJBHOCTh, HO TNPH
3HayuTe.1bHO OOJIbIIEM BPEMEHH COo3peBaHHA (cM. pHc. 2). Tlocae
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OYHCTHH B XKC.JIaTHHE yAaBaj0Ch ONPEIEJUTH JIHIIb He3IHAYHTEAbHOE
NoHuecTBO BoccranoBuredaedt (4,0-100 7 2. k8. Ha 1 2 KeaaTHub).

JJCKTPOIHAIHZ TAKAKE UDPCBPAILACT KEJIATHHY B MeldeHHoaell-
cisyooulyio (CM. pHC. 3), HpHYEM ISATHKAMEPHBI 3J4¢KTPONHATHATOP

AdOSBOSHET

BLLICJIHTD  LIPHMECHLIE BEINeCTBA B BH1€ KATOAHOR H
aHOMOR gpakuMil. Buao  ycTaHosseno, uTto BemectBa KaToAHOM

T
(0
a8
a6
ay
Y,

1

2 3 v 5 6§ 77 T 2§ v §§ 73
fpoceaxcumentwoomé  caspedamus /vach/

Puc. 3. KunerHueckue KpHBHE H3MEHCIHS CBCTOUYBCTBH-
Teabnocth (8) pocta myaad (D) €o BpeMeHEM BTOPOTO co-

3pesanHs B Cayyae pa3ibX AKeJdaTtHi,
/—HCX0HHE XeIATHHU, [/—nocae 31eKTPoiHann3a

(hpakitMH He BCTYyMaloT B HeoGpaTHMOE B3aUMOJEHCTBHE ¢ HOHAMH
cepenpa, TOrAa Kak B aHOIHYK (PAKUHIO [EPEeXOAAT CEePHHCTHIe
COUHIICHHS], BOCCTAHOBHTEIH H KOMILIEKCOOGpa3yioUulHe BelllecTBa
AepBOTO THHA (CM. Tabauuy 2).

Ta6anua 2

Otpasii I KoanyecTBo NpUMeCHB X BeulecTs
P P A B 2. oxk8. 107 na 2 1 wenaTHHM
REIATH- =B HcuutyeMui pactrop “O6miee | Cepoco- Yexopn- Boccrat_
Hil Koauye- | epika- TeH HOBRTONH
cT80  |mme coen. A
e 0,06 | ’Keaatna 10 saektpo-
JAMatn3a . . . . ., .. 39 18 2 19
AKeaatuda nocae Inek-
TPOAHAAHMZA . . . . . . 22 —- -
Anoanas dpakunn . . 17 6 0 11
136 0,59 /ANenaruna 10 3aeKTpo-
AHAIH3A . . . L L . 96 69 12 14
Keratnia nocac saex-
TpoaAKAIH3A . . . . . . 28 -— —
Ano,Han dparuus . . 68 43 10 13
39
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Mo doTorpaduueckum CcBOACTBAM PACTBOP KATOAHOH dpakimi
06.101aeT QyHKUHER, TOPMO3sillell CO3peBaHHE, PAaCTBOP Ke aHO -
HOH Qpakuuu—pyHKUHEH, yckopaioweii co3peBanne. Ha puc. 4 npwu
BEACHH KPHBbIC H3MEHEHHS CBETOYYBCTBHTEJbHOCTH H POCTA BVAJM
NpH AEACTBHH TOH W Apyroft GpakuuH, BHLIACJCHHOH H3 BHLICOKOAK-
tuBHo#A (I) m ManoaktuBroi (l) xenatun. M3 npuBegenubix 1am-
HHX BHAHO, 4TO B NEPBOH JKe/JaTHHE NPEBaJHPYIOT yCKOPHTC.TH,
a BO BTOPO# — TOPMO3HTEJH CO3pCBaHHA.

Ds

56 71
lpodarscumenbuooms  cospebamis (vactr )

Puc. 4. Bausnne upumecuux Beneets ka-
TOALOW H aHOANOH (PaKIHH, BWICICHIMX
ITCKTPOIHATHIOM,
I—xcaaTnna—o6pasen VI (N 456). .Guctpan“: 2- we-
aatuna obpaseir | (Me 482) .meracnuasn:;, J—8 weda-

THry VIl Bseacwa Katoanas panuns we obpasua 1;
4—8 weaatuny | pBeacna anonay ppakius wy oi-
pasna VI

Ecan CBOMICTBO KCJIATHHLL BJAHHTL HA CKOPOCTH XHMHUECKOT O
CO3PEBAHHA  HA3BATH KHHETHUYECKON AKTHBHOCTLIO, TO V,14.1CHH:
HPHMCCHBIX BCLULIECTB H3 KEJATHHB CICIVeT PacCMarpHBaTh Kak 00-
PATHMYIO JAe3arnTHBauHi. JleHCTBHTEILHO, BReJ1CHHEe eCTeclBel-
HBIX  YCKOPHTC.ICH  HJAH  CEePHHCTLIX  CCHCHOH.IHIATOPOB B K-
JATHHY, HOABEPLHYTYIO  AACOPOIHOHHOI  OYHCTKC HAH 3.ICKTPO-
AHAJNH3Y, MOXKeT B Ooabliled HJAH MeUbIeH CTCHEeHH BOCCTAHOBHIDL
e KHHeTHUECKVI)O AKTHBHOCTDL [H]. OLHAKO PasIHUHBIC CePHHCTHIC
COCJHHEHHUS AEHCTBYIOT HCOAHHAKOBO, KAK 3TO HBHIHO M3 PHC. 5.
Bo3aMO&HO, UTO OrpaHHyYeHHast YCKOPHIONIAA CHOCOOHOCTL TAKHX
COEJHHEHHIl, KaK TPHU — H TETPATHOHAT HATPHUH H T. 1., OODLHCHACTCH
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00pa3oBAHMEM 1IPOYHO CBA3AHHBIX aACOPOLHOHHLIX KOMILJIEKC OB
3AACPAHBAIOLIMY  XHMHUeckoe coapesBanHe. CaepyeT, Kkpome TOTO,
OTMUTHTL, 4TO AeidcTBHE 30 deKTHBHBIX yCKOpHTeaeH (THocyabdaTa

s
+

N
‘§—~
-

8

3

F10% - > va {2 ws.w (702 xcomomots)

"

Puc. 5. Bausinne konuentpauhHu (A’) CepHHCTHX COEAHHEHHA H rHApa-
3Hila Ha CKOPOCTLYBTOPOTO CO3PEBAHHSA.

/—THOCYAbDAT HATPHR; 2—THOMONEBHHA; 3—TeTPATHOHAT WATPHA; 4—CYAbdHRA HATPHSE;
5~ pOAAHHA KaAWS;, 6—TPHTHOHAT HATPHN; 7—THADAIMH-cyAbPAT (A—coaepuaune ecrecr-
BEHHbX YCKOPHTEACH B XKeAaTHHE)

HATPHA H THOMO‘{eBHHbI) COIpPOBOXKAAETCA CHadYaslla HEKOTOPHM MO-
BLILICHHEM, a 3aTEM IOHHXEeHHEeM MAaKCHMaabHOH CBETOUYBCTBHTENb-
HOCTH, TOrjla KaKk HX BJIHSAHHE HA BYyaJb OKAa3nBAETCH pPA3AHYHHM

SR8 &
&SR8
~y

8

R/ o L) L)
A0 2-306 ma 12 sompbcus (702 scemomenss)

Puc. 6. Bausinue koHumentpauHH THOCYAb-
¢ara unarpus (I) n tHoMoueBHun (/1) na
Smax B COOTBETCTBYVIYIO IIIOTHOCTh BYAalH

(cM. puc. 6). B cnyuae THOMOUEBHHB POCT BYaaH I1OCJAe JAOCTHXKe-
HHA HAMBBLICUIErO 3HAueHHs S, OOBACHAETCH, 110 BCeH BEPOAT-
HOCTH, o6pasoBanHeM Ag,S. YMeHblIEHHE e ByaaH B caydae.
THOCYJAb(aTa HATpPUA OODBACHAETCH, NO-BHAHMOMY, HapylleHHEM
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CBA3H NPUMECHHX IEHTPOB C KPHCTANIMIECKOR peleTkol Bciea-
CTBHE ,TPaB.JEHHA“ NOBEPXHOCTH 3MY.1bCHOHIIBIX MHKDOKDHCTA.1J108.

Kpome o6patumoi AC3AKTHBAUKH XeNATHHB, CYLIECTBYeT TaKke
Heo6paTHMas, KOTOpas JOCTHraeTCs OKHC/IEHHEM MEePeKHCbI0O BOAO-
poaa. OKHc/IeHHaA KelaTHHA PE€3KO OTAHYaeTCs 10 CBORCTBAM OT
HaTypaJbHO# HAH JHIIEHHOI] KHHETHYECKOH AaKTHBHOCTH: B ee MpH-
CYTCTBHH BTOpO€ CO3peBaHHe BLI3WBAET HE3HAYHTEJIBHHA pocT
CBETOYYBCTBHTEJAbHOCTH H yBE€JHYeHHe Byaad (cM. pHC. 7), a YCKoO-
pPHTe/H (ecTecTBeHHWe M CHHTETHYECKHE) He OKa3HBalOT O6HYHO-
ro nedcTBus. BoaMoxHO, 4T0 B 3TOM C/Aydae HMeeT MEcTO r.ay6o-
Kass JeHaTypauus XEJNATHHH — PAa3pYyIICHHE HE TOJABKO NIPHMECHLIX
BEIECTB, HO H QYHKUHOHANbHLX rpymmn ee MoJaekyJ.

S|?
w| %
20
P , b / JZ
N L — 2 q” /.}‘
0 M -z
S| 3,
80 54. J i,
20p ¢
&8 !
L7
o

123956 123 4565,
fpodenscumenduocms cospedomam [vack/

Puc. 7. Bauanue Ha KHHETHKY H3MEHEHHH CBero-
UYBCTBHTEAbHOCTH (S) u pocta Byaau (Dy) 3ne-
KTpoanaausa (I) u oKkucacuus () xenatnuwm.

I—HeXOAWbe XCAATHHB, 2--nocae 3IeKTPoaAnaINIa (/) uan
OKHCACHHUS (/]); 3—20NMOAHMTEAbHOE BBeneHne THOCYAbDaTa
HaTpHa

lNono6nas kaprtuua ACHATypauHH HabalaeTCs Takke npH aeft-
CTBHH Ha XesnaTHHYy 6poMHOHA Boam. OAHAKO TOT xe 3ddekT, yuto
H NIDH  OKHCJIEHHH NlePeKHCHIO BOAOPOAA, 31€Cb ROCTHraeTCs INpH
NOBTOPHOM GPOMHPOBAHHH (KaXAHH pa3 1o Hacolenusa). Caegosa-
TEAbHO, 1pH AeACTBHH 6pOMa  OKHC.IHTeNbHHH 3¢0dexkT ycuau-
RAETCA NOBTOPHOH 06paGoTkOl, Tak kak Bhayase HMeeT MecTo
O0paTHMBII mpoIece (BC.aeaCTBHE THAPOJIH3a), Ha YTO yKa3biBaeT
IOABICHHR B PACTBOPE KeNATHHH HONHORB 6poma.

[Tpusenennnie SKUCDHMEHTAJILHBIE [AHHWE HO3BO.IAIOT CAe.1aTh
CAeNyoIHA o6IMiT BLIBOL: boTorpaduueckas akTHBHOCTb KenaTHHL
OCYULeCTBJACTCA ABYyMS BH.1aMH ee KOMIIOHEHTOB, a4 HMEHHO: MaKpo-
KOMIIOHEHTAMH — O¢.IKOBLIM BEeLLECTBOM K MHKPOKOMIIOHEHTaAMH - -
IIPHMECHBIMH CO@AUHCHHSMM,

AKTHBHble HPHMECH KCJAATHHDBI npexw.1e Bcero OCYINECTB.IAIOT
dyHKUHIO peryanposanus CKOPOCTH XHMHYECKOTO CO3peBaHM,

BOCCTaHOBHTeﬂH H CepHHCTHIE CoeAHHEeHHUNH MOTyT OLTh IEHTPO-
o6pasyoluMu BeutectBaMu. OAHAKO OUBITH  yJAJEHHA [IPHMECHBIX
COEAHHEHHA 110KAa3LIBAIOT, YTO CaAMO 6eIKoBOE BellecTRO o6.1aaaeT
C1a6oii, HO TeM He Melee, 10CTATOMHOM BOCCTAHOBHTEJABHON ClOCO6-
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HOCTbIO, YTOGH CO3JaTh ONTHMAJNbHYI0 KOHUEHTPAUHIO CepebpAHbLIX
NpHMECHHX ueHTpoB. BoJaee Toro, onHTH OAHOKPaTHOro GpPOMHpPO-
BaHHA )XKAJATHHH, NIPH KOTOPOM BOCTAHOBHTEJbHHE IPYINH AOJKHM
ObTb OKHCNEHH, 3aCTaBJAIOT NPH3HATb, YTO AJAR O6pa3oBaHHA ce-
pe6pAHBIX LEHTPOB HeT HEOOXOAHMOCTH NPHCYTCTBHA COGCTBEHHO
BOCCTaHOBHTe s, — A/ 3TOFO AOCTaTOYHO GPOM-3aKUENTOPHOR CHo-
CO6HOCTH 6€/NKOBOI'O BeILECTBA XKEJNATHHH.

BbuiBOAB

1. B ¢pororpapuueckoft xenaTHHe MNOTEHUHOMETPHUYECKHM THT-
pPOBAHHEM ONPelensiOTCA TPH TPynnbl NPHUMECHHX BelleCTB: KOM-
naekcoobpasyiomHue (C HOHaAMH cepebpa) COeAHHEHHS, CEPHHCTHE
COEJHHEHHSI H BOCCTAHOBHATEJH.

2. M3 aTHXx BewlecTB Ha CKOPOCTh XHMHYECKOrO CO3peBaHHSA
BJAHAIOT KOMIMEeKCOoO6pa3yolue COeJIHHEHHs, NpPHYEM OJAHH THIH, C
HaH60./1bUIHM CPOACTBOM Kk HOHaM cepe6pa, yckopsieT co3peBaHHe,
ApYrofl Xe ¢ MEHBIIHM CPOACTBOM — TOPMO3HT CO3pPEBAaHHE.

;Q4 3. YnaneHHe NPHMECHHX BelleCTB JesaeT XeJaTHHH OJAHHAKO-
BHIMH 10 CBOHM CBOWCTBAM, MPH 3TOM HAOJI0OAaeTCHd MNpPEXHAA Mak-
CHMaabHasi CBETOYYyBCTBHTEJbHOCTb, JAOCTHraemas, OJAHaKo, NpH
60.1bLIOM BPEMEHH CO3PEBAHHA.

4. BuaeaeHHe 1pH TNOMOILH 3JEKTPOJAHA/NH3A MPHMECHHX Be-
111eCTB MOATBEPAHJIO AaHHBIE NMOTEHUHOMETPHYECKOrO aHa/H3a H Mo-
Ka3a.10, 4YTO YCKOPHTEAH 061a4al0OT KHCAOTHHIMH, 3 TOPMO3HTEJH —
OCHOBHBLIMH CBOACTBAMH; Yy OLICTPOAEACTBYIOIHX JKEJNATHHH npe-
o6najal0T nepBHe COEAHHEHHS, Y MeAJeHHOAeACTBYIOUHX, Ha-
0o60poT, — BTOpHE.

5. Kpome o6patumoft nesaxTuBauHH (06paGoTka HOHOOGMEHHOMN
CMOJOH, 3/eKTPOAHANH3), BAHAKOWER NHLWIb HA CKOPOCTb CO3peBa-
HHA, CYIWECTBYIOT Heo6paTHMas MAe3aKTHBALHA JKEJAATHHH, AOCTH-
raemas okucaeHHem. [locaeanee BH3HBaeT pa3pyllieHHE He TOJbKO
aKTHBHHX NpHMeceH, HO TaKkKe, MO-BHAHMOMY, (YHKLHOHAABHHX
rpyinn B MoJaekyjnax 6€AKOBOro BeLleCTBAa XeJaTHHH.

6. Heo6XxoaAHMBIM H [OCTATOYHHM CBOHNCTBOM JXE€JaTHHHW AAA
06pa3oBaHHA CepeGpAHBIX NPHMECHHX WEHTPOB SABJAETCH, MO-BH-
AHMOMY, CnoCoGHOCTb MOJEKy/a G6eJKOBOTO BellecTBAa XeJaTHHH
CBSI3BIBATH OpOM.
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H. M. PATHEP

NEACTBHE COJIER HHEPTHbBIX METAJIJIOB HA KHHETHKY
' H3MEHEHHA ONTHYECKOA IJIOTHOCTH BYAJIH
B MPOLLECCE XHMHYECKOIo CO3PEBAHHA
SOTOIrPAPHYECKOHA IMYJIbCHH

MexaHH3M LIHPOKO NPHMEHAIONLETOCA B HACTOsIEE BPEMA METOJa
NOBHIUEHHA CBETOYYBCTBHTEABHOCTH ¢GoTOrpadHuYecKHX 3SMYJbCHI
NpH NMOMOILH COJEeRd 30/10TAa HE MMEEeT eulle A0 CHX 1op obulenpuHs-
TOro 06DbACHEHHA. JTO OOCTOATEALCTBO IPHBOAMT K OTCYTCTBHIO
YETKHX NPEACTaBJEHHA O CBA3H YCJOBHA CHHTE3a 3MYJ/BCHH C BEJH-
YHHOH 3¢ ¢peKTa 3010TOA CEHCHOHAH3AUHH H HELOCTATOYHO NOJAHOMY
HCMOJIb30BAHHIO BCEX BO3MOXHOCTEH 3TOro Meroaa.

HasectHo (1], uTO ceHcHOHAH3HpYwILee AeiiCTBHE coJael 30a0Ta
CBA3aHO C TMPHCYTCTBHEM HAa 3MYJbCHOHHHX MHKDPOKPHCTAAaX
cepe6psaHbIX ueHTpos. Hcxoas M3 o6HX XHMHYECKHX MNpeacTas-
AEHHi, cJeayeT NpeAnoJOXHTb, YTO B3aHMOAeNACTBHE HOHOB 30.10Ta
C cepe6pAHBIMH LEHTPAMH JOJUKHO MNPOTEKATb KaK OKHCJEHHEe
NOCJEeAHHX, BO3MOXHO C YaCTHYHO 3aMeHoill cepe6pa 30/J0TOM.
Upe3BnyaHO CYIIECTBEHHHM SfBASIETCH TO OO6GCTOATEALCTBO, UTO
COJH 30J0TA 006/1aJaI0T CNOCOGHOCTbIO CHHXATb NJOTHOCTh BYaJH
B 3aBYaJHPOBaHHBIX 3MYJ/bCHAX [2], 4TO CBUAETENBCTBYET, MO-BHIAH-
MOMY, O NPEHMYIIEeCTBeHHOM B3aHMOJEeHCTBHH HOHOB 30.10Td ¢ 6O-
Jee KPYNHBMH CepeOpAHHMH LEHTPaAaMH H, B 1IepBYi0 o4epelh,
C LUEHTPaMH ByaJH.

B ocHoBy o6bAcHeHHMst MexaHM3Ma 30J0TOH CeHCHOHAH3AUUH MO-
ryT ObiTb MOJIOXKEHH ABE TOYKH 3PeHHs: 1) npe1CTaBACHHA O Hello-
CPeACTBEHHOM AeHCTBHH CO.1€f 30JI0TA HAa AKTUBHOCTDL LUCHTPOB
CBETOYYBCTBHTEALHOCTH H 2) o6bACHeHHe HA6.1101a¢MOI0 VBeaHYEe-
HHA CBETOYYBCTBHTEJAbHOCTH I[IPEHMVIIECTBEHHON (M3GHPATE.1bHOM)
HHAKTHBAUHEA LLEHTPOB Bya. H. EC.IM nmpeano.1okHTL, UTO HOHB 30-
710Ta CNOCO6HH Pa3pylaTh HEHTPH Bya.H, HE 3aTParuBas NPH 3TOM
UEHTPOB CBETOYYBCTBHTEJLHOCTH, BO3MOXHO, UYTO OTHOCHTEJbLHOE
KOJNH4YeCTBO COGCTBEHHO CBETOYYBCTBHTEIbHHX (HE BYa.THPYIOUIHX)
3eped O6yaeT NPH 3TOM YBEJAHUHBATHCH. HCXO18 H3 BbICKA3aHHBIX
COO6paxeHHH, MPeACTaBIAJNO HHTEPeC 1.5 BHINCHCHHA 06CYyx1ae-
MOrO MEXaHH3Ma H3YUYHTh BJHAHHE¢ HOHOB 30.10Ta, 4 TaKKe JPVTHX,
GJH3KHX K 30J10TY O CBOACTBAM HHEPTHLIX META1.10B, HA KHHCTHKY
XHMHYEeCKOro co3peBaHus QoTorpapHyecKUX 3MY.1LCHIL.
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BansHue HOHOB HHEPTHLIX METAAAOB HA KHHETHKY
XHMHY€CKOro Co3peBaHHs

lHccnenosanne 6HJA0 npoBeaeHO Ha GpomofiogocepeGpsiHOR
+MYyJbLCHH, cogepxauleit 3 Moa. 9, #oauctoro cepebpa; oTaeeHHE
ThepAaoft da3H NPOBOAHMJH MeTOAOM ILeHTpHBYyrupoBanus. Bropoe
co3peBsalde Mpo10.aKaaH 10 JOCTHXKEHHA MJOTHOCTH ByaJH, paBHOH
1, 2, nocae 4ero aMyJbCHIO JeJHJH HAa 4aCTH, B KOTOPHE BBOJHJH
pa3.THYHOE KOJHYECTBO pAacTBOpa XJopHoro 3o.0T1a. [lanee cospe-
BaHHe IIPOBOAHJH NMPH pa3nnyHoil Temneparype. Yepes onpenenex-
ible TMPOMEXYTKH BPEMEHH OT 3MyJbCHH OTOGHpaaH npo6u. 3aTeM
3TH HPO6K B KONHYECTBE 5 M4 NMOJHBAJIH HA CTEKJASHHHE MJaCTHHKH
pasmepoM 9 <12 ¢u; naaCTHHKH mocae BbLICYHIHBAHHA NPOSBAAAH B
CTaH1apTHOM METONTHAPOXHHOHOBOM nposiBHTene npH 20° B TeueHue
8 muH. /laa nposeaenusi BTOporo co3peBands 6niJa BHOpaHa xkeJa-
tna (K2K3 Ne 482), coaepxkaumas HauMeHbUlee H3 HAXOJHBLIMXCHA B
HALICM PACHOPSAXKEHHH 06PA3UOB KeaTHHB KOJHUECTBO poTorpaguue-
CKH dAKTHBHBIX KOMIMOHEHTOB, B YaCTHOCTH YCKOpHTeJef CO3peBaHHA.
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Puc. 1. Kuneruka naMeneuns Dy nocae eelenuna AuCly.

1. hOHTPUIbHAE 3MyabcHA: 2. Baeneno 5,32-107° 2-9x8 Ha 1 4 smyapcun. 3. Boeaeno 8,63-10— z-.px0
Ha 1 2 amyabcuu; 4. Beeaeno 43,25:107° z2-px6 Ha 1 4 SMyALCHN
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Ha puc. 1 npeactasjelbl HCKOTOPHIE H3 NOJYHEHHBIX KHHETH
YeCKHX KPHUBBIX H3MCHEHHS 1LIOTHOCTH BYaJaH 1PH PasiIuiuioil Kou-
IeHTpaLHK COJAM 30JI0Ta H PA3JIHAHON  TeMmepatype npouecca.
B pe3syabrate noJyuuiach JAOBOJbHO C.I0XHasi kapTuua. Kak c.ae-
JAyeT H3 [PHBELEHHBIX KPHBBIX, CHHKEHHE MJIOTHOCTH BYa.H He
BCer/ja HMeeT MeCcTo; o6paTHOe SIBJCHHC, T. €. NOBLINIEHHC IL10T-
HOCTH BYaad 110 CPABHEHHIO C KOHTPOJLHO 3MY.IbCHEH, He COMep-
Walefi co.M 30J0Ta, Hab.1wgaeTcss BO BCeX C/Iyyasx, HE3aBHCHMO
OT TeMuepaTyphl H IPOIOKHTEIBHOCTH CO3PCBAHUSA NPH BBEICHHUH
60.1b1IOTO  KOJHYECTBa XaopHoro 3o.10ota (Buiwe 4, 3-107° 2. Ike.
na 1 auTp 3MyabcuH). [1pH HEGOABIIKX KOHUEHTPALUMKAX COIH 304074
MHOT1a Cpa3ly Moc.1e BBeI1EHHA CO.H HA0.1101aeTCH HEKOTOPOE NOBH-
lleHHe IJIOTHOCTH ByajH H NOCIeldylollee najilcHHe ee INpH 1ipo10.1-
KeHUH codpesatus. [IpH 3TOM MakCHMYM, HAG.TIOAAOIHACH HA KH-
HeTHUECKON KPHBOH, TEM pe3ye, 4eM HHXKE TeMUepaTypa, lipH Kolo-
poii mMPOBOJHTCA Co3peBaHHe.

Tak kak GpPOMHOC 30.10TO HBJIACTCA MajJ0 PACTBOPHMBIM CO€.1H-
nendeM (XoTs H 60.1ee pACTBOPHUMLIM, uem OGpoMHcTOe cepebpo),
eCTeCTBEHHO Obl10 1PeUIOTOAKNRTH, 4TO YCKOPEHHbIT poCT Bya.iH
B HIPHCYTCTBHH GO.LIWNX KOJAHYECTB 3TON CO.JIH BHI3BIBAETCH CBA3LI-
BaHHEM HOHAMH 30.10Ta HoHOB 6poma. HMamepeuue pBr amyancunu,
B KOTOpYW 6bia0 BreaeHo na 1 autp 43,25-10-% 2. 3k6. xsopnoro
3040Ta, AefiCTBHTE.ABHO 110KA3d.10, 4TO IIPH 3TOM [POHCXOAHT 1IOBH-
nenne Beanuuun pBr ot 2,80 10 3,05. B xoae uccaeaoBauuii 6u.1a
NPHTOTOBJIENA 3MYAbCHA C COOTBCTCTBYIOUIHMH lOKazaTe MK (pBr
u pH pasusanuce coortBerctenno 3,05 H 6.2) U HcCe10BAHA KHHE-
THKa poCTa ByaJad B 3TOl 3MY.IbCHH UPH OTCYTCTBHH XJOPHOTO
zonota. [loayueHnble pe3yabTaThl HPELCTaB.IcHbl HA pHC. 2, rae
kpuBas / COOTBETCTBYET KHHETHKE CO3PEBAHHN KOHTPOJBIOKH 3MyaL-
cuu npu pBr pasHom 2,80, kpuBas 2 TOH Ke 3MY.IbCHH I1IDH pBr
paBHom 3,05, a kpuBas 3- 3My.ILCHH, 3Hauenne pBr koTopo#t cocTas-
15110 nepBonayaabio 2,80 H B KOTOPYIo Guiio BBe.1eH0 43,20-107° 2.9x86.
XJOPHOrO 30.0Ta Ha 1 JMTP, moc.ae uero snaueHuwe pBr Bospocso
no 3,05.

M3 npvBeAEHHBIX AaHHLIX CJAEAYeT, YTO YCKOpDeHHE CO3PeBaHUs,
BLI3BAHHOE TO.bKO TMOHHKXEHHEM KOMICHTPAIHH HONHOB GpowMa, 3Ha-
YHTeAbHO MeHblIe, YeM TO yCKOpeHHe, KoTopoe HadJwiaeTcs npu
BBe1€HHH coJsH 30Jo0Ta. Cie10BaTe.1bHO, 34eCh HMeeT MeCTO KaKOH-
TO APYrof mnpouecc, NPHBOASIWHA K 0Opa3OBaHHIO HOBLIX LEHTPOB,
CNoCcOOGHHX KAaTa/JAM3HPOBATh 1POUECC NPOSB.IEHHUA. :

Jlasee 6bija cAaeJaHa NONbITKA ONPEAETHTb 3HEPIrHIO aKTHBAIHH
M3 TemMnepaTyHuX Ko3((HIUHEHTOB peaKuHH .18 KHHETHYECKHX KpPH-
BbIX, [OJYUCHHBIX [PH Pa3.THYHON KOHIEHTPAUHH 30JOTOH CO.TH.
OanaKo, 1IpH 3TOM He OblJa 10oayuyeHa JHHeitnasi 3aBHCHMOCTDL Jora-
pudMa CKOPOCTH MpOUEcca OT BeJHUHHL, O6paTHOH Temmepartype
B rpaaycax aGCOJIIOTHOH WIKaAbl, H BHUHCACHHE 3HEPTHH aKTHBAIHH,
¢.1¢,10BATEJIHHO, OKa3aa0Ch HEBO3MOMKHBIM. BlpoueM, 3TOT pesylb-
TaT He OBL1 HEOKHAAHHBIM, TaK Kak cama (opMa KHHETHYCCKHX
KPHBHLIX (C MaKCHMYMOM) CBHETC.ILCTBYET O HAJHUYHH TO MEHbIIEH
mMepe aByx npoueccoB. Ewe pesue MOxHO Ha6.1101aTh 3TO ABJEHHE,
©€C.JIH Ha OCHOBAHHHM TMOJYUECHHBIX 3KCIEPHMEHTANbHBIX JAAHHBIX MO-
CTPOHTb KpHBBIE, OTPAXKaKOIUHE 3aBHCHMOCTb OT INPOLOJKHUTEND-
HOCTH CO3pPEeBaHHS pAasHOCTH B MJOTHOCTAX BYyajgH KOHTPOJbHOH
3MYJbCHH U 3MY./bCHH, B KOTOPYI0 OHJIO BBEAEHO XJOPHOE 30J]0TO.
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Ha puc. 3 npuBenena 111 npumepa oana CepHs TaKHX KPHBHIX A1
NOHILCHTpAaUHH COAH 30.10Ta, pasHolt 4,3-1075 2-9x6. Ha | auTp
IMY . ILCHH.

PiaccMOTpenHe pa3HOCTHHIX KPHBHIX elle 60.1ee HarJasiHo [MOKa-
4HB4dEr, 4TO MBI HMEEM J[€.10 10 KpaidHed Mepe C ABYMs pa3jiHuy-
HLIMH  TIPOLECCAMH! OKHCJHTEIbHBIM IPOUECCCOM, IPHBOAAIHM K
CHHIKEHHIO IJIOTHOCTH BYd4JIH H KaKHM-TO APYTHM IIPOLECCOM, MPH-
BOAAUMM K ee noBbiweHHw. [lo-BHAHMOMY, 3TOT BTOpPOR npouecc
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Puc. 2. Knunetuxka uamenenns Dy sMyrbcuft 6e3 AuCl,

u ¢ AuCl; npu pasanunoM 3naueunu pBr.

1. KouTtpoabhas smyabcus pBr -~ 2,80, 2. Koutpoabhas smyabcus
pBr = 3.5. 3, ImyancHa, corepxawan AnCly, pBr = 3,05

HMeeT 00.1€€ HH3KHH TeMHIepaTypHhi KO3DDHIHEHT, YeM OKHCJIH-
TeALUBI IPOIECC, W 1103TOMY Oll OCOGEHHO OTYETJHBO BLIABJASETCSH
MPH HH3KOH TeMmIepaType, KOrAa OKHC.IHTeJbHHH 1pouecc npore-
NaeT MmeHee HHTeNCHBHO. Tlpu 60.1boit KOHUEHTpaUHH B CHCTeMe
HOIOB 30.10TA, T. €. MPH BLICOKOM OKHUCJAHTEALHO-BOCCTAHOBHTEADb-
HOM 1101cHILHA1e, 3TOT MPOULCC 3aTYIIEBHIBACTCHA, TAK KaK B 3TOM
CIyUde NMPeBATHPYET NPOLUECC OKHCJACHHS UEHTPOSB.

Kak HinecTHO, B 3MY.ILCHOHHOH LPAKTHKE 30.0Tas CeHCHOGH/IH-
3A1MA,  KAK 1IDABHJO, 1IPOBOAHTCA € 1IOMOULLIO PACTBOPA POAAHH-
CcToro s30.00Ta. B CBA3H ¢ 3THM GLIIM HOCTABJEHH OUBLITH 11O BJIHA-
HI0 PaCTHOpPa POAAHHCTOrO 30.0Td HAa YKAa3aHHYl0 BHINE 33BHCH-
MOCTh. [lonyuenHue pesy.bTaTl, mpeiacTaBJeHHme Ha pHuc. 4, noka-
AWBAIOT, UTO U B 3TOM CJyuYde MOTYT HMETh MeCTO 00a ynoMsiHy-
THIC BBIIE NPOIeCCa - OJHH, HPHBOIAUIHIT K CHHKEHHK) NAOTHOCTH
By LM, APYTOH — K € NOBBLIWEHHIO.
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Jlas 6onee noaApoOGHOTrO pPACCMOTPEHHS KAKAOTO H3 3THX IpO-
HECCOB HeOOX0AHMO OLIJIO HONBITATLCH HCKJIIOUHTL OLHH H3  HHX.
[TockoabKky He sceH HYThb HCKJIWUYEHHS 1IPOUECCd, HPHBOIAIRIO K
pPOCTY 1IJOTHOCTH ByaJiH, Obljla caejala TOUBLITKA HCKITIOYHTD HIH
OCAA0UTh PeAKIHIO, IPHBOAAILYK K CHHKEHHIO ILIOTHOCTH ByaJH.

4
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tm.wdlu_

Puc. 3. Kuneruka uameneuns 3 (Dg wourp — Do y,)
1400, 2,459, 3.50. 4,55 5 60

[Ipr 3toM OblJ0 CACJAAHO 1PELIOJOKEHHE, UTO 3TAa PeaKIH 3aKJo-
HACICH B OKHCJEHHH CepeOpsiHbIX LeHTPOB HOHaMH 30.0Ta. Ode-
BHAHO, YTO CKOPOCTHL OKHCJHTE.IhHOTO nponecca O6yieT BO3pacTaTh
¢ VBCIHYEHHEM KOHUEHTPAUH HOHOB OpoMa H NOHHAKCHHEM HBeJIH-
aunnl pH. Hexoas U3 3atux cooGpaxkennii. pBr v pH amyancun Gbian
noBuinieHu coorsercrsenno ao 3,1 u 7.4. Ha puc. 5 upuseaenu
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KHHETHYECKHE KDHBbE CO3PEBAHHA TakKOA aMyabcHu (f =45°) nocae
BBE1CHHA B Hee PA3JHUHBIX KOJHYECTB XJOPHOro 3o0a0Ta. Bo Bcex
CAy4asix MPH 3TOM HMeeT MECTO NOBHUIEHHe MJOTHOCTH BYyaJH No
CPaBHEHHIO C KOHTPOJABHOA 3MyJbCHEH, He coaepxauiefl 30a0TOH
CO.1H, YTO TOBOPHT 06 OTCYTCTBHH HJH 3HAYHTEJbHOM OCJaGAeHHH
OKHC.IHTEJbHOrO npouecca. XapakTepHO, UYTO KPHBHE, OTPaxaio-
UlHe M3MEHEHHE MNJOTHOCTH BYaJH NpPH PA3JHYHOM COLEDXKAHHH B
IMYJAbLCHH XJOPHOTO 3040Ta, NPAKTHYECKH CJAHBAOTCA. OAHAKO TO
06GCTOATENBCTBO, YTO KpHBAs 4, COOTBETCTBYIoOLIast CaAMOM GoOabLION

Do
)/x\ !
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w0} a\"\&\n ‘

15 A 4
’ L cosped 8 v

Puc. 4. Kunernxa muaMmesenus D, noce BBeAeHHA ponaxu-
croro sonora. T = 45°,

1. KoutpoabHas smyancus. 2. Bmeaeno 131078 z-5xs ua 1 4 IMYALCHN,
3. Beeaeno 251078 z-9n8 Ha 1 4 suyabcuu. 4. Bsexeno 52-10—6 z-sxe
. na 1 4 sMyabcHn

-~

KOHUEHTPAUlHH XJOPHOTO 30J0Ta, JEeXHT HECKOAbKO HHXEe aHafao-
FHYIIBIX KPHBBIX, MOJy4YeHHWX NPH 60J€e HH3KHX KOHUEHTpPaLHAX
3TOM CO.TH, CBHAETENbCTBYET O TOM, YTO B HE3HAYHTENbHOH CTeMmeHH
OKHCJHMTE.IbHHHA NMPOLUECC HMEET MECTO M NpPH 3THX ycaoBHAX. Eme
Goaee yGeAHTeNbHO TOBOPAT O TOM JK€ aHAaNOrHYHBle JaHHHeE,
Ito.1y4eHHbBle NpH 60.1€€ BHCOKOH TeMmepaType co3peBanus. Cepus
TAKHX KPHBBIX NPHBEAEHAa Ha pHC. 6.

O6pasyiouHecs B H3yyaemoM mpoluecce H npHsoasiHe kK ob6pa-
JOBAHHIO BYaJNH COCIAHHEHHS HE ABJAIOTCA aACOPOUMOHHHMH, TakK
KAK OHH HE YAJAIOTCA C NMOBEPXHOCTH 3MYJbCHOHHHX MHKDPOKPH-
CTan1oB npH NpOMLIBKE BOAOH HJAH PacTBOPOM GPOMHCTOro KaJHs.
[foxo6nasi npoMHBKA HE BJHSET HA POCT MJOTHOCTH BYaJ/H B 3MY/b-
CHH H NpH jajbHEHRIIEM CO3peBaHHH.
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TaxuM 06pa3oM, noka He NpeACTABARETCH BO3MONHHM BHICKa-
3aTh 06OCHOBAHHOE NPEANOJOXKEHHE O MEXaHH3Me peaxKuHH, 1npHBo-
ASWER K YBEAHYEHHIO NJOTHOCTH BYAajH H O npupoae obpasyio-
IUKXCA NpH 9TOM coeauHenuit. OnHako cam no ce6e dakT cymect-
BOBAHHA STOH peaKUHH NpPeACTaBASAeT 6OJbUION HHTEpeC M 3acay-
KHBAeT CEPbE3IHOrO BHHMAHHMA H Ja/bHEAIIEro H3yueHus.
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Puc. 5. Kuneruka namenenns D,. T=45° pBr--3,08; pH -- 7,4,

1. Kourpoabuas smyanens. 2. Beeaeno AuCly 2,10-10 2-9x8 Ha 1 4 SMyAbCHM,
3. Breaeno 4.25-1073 2-sx8 na 1 4 IMYyAbCHM, 4. Boeaeno 8,50-107° 2-9x¢ na 1 4
IMYNLCHN

[,%Y 3

Ha puc. 7 npusenena 3aBucumocTb Pa3HoCTH A (D xourp. — Dy au)
OT NPOLO/IKMTENLHOCTH CO3PEBAHMA AN ABYX KOHUEHTPALMHA COIH
3onota —2,1.10~5 u 4,25.10-5 2-3x8. na 1 JHTD 3MYJbCHH NpPH TeM-
nepatype 45° (cM. puc. 5). To 06cTOATENLCTBO, YTO BCe TOUKH 3Jech
NPAKTHYECKH YKNaAWBAOTCA Ha OAHY OGlLYl0 NJAaBHYIO KPHBYIO,
A3€T OCHOBAHHA NPEANOJAraTb, YTO MPH AAHHHX YCIOBHAX CKOpPOCTh
PeaKUHH, NPHBOAALIEA K NMOBLILIEHHIO MJOTHOCTH BYAJH, HE 3aBHCHT
B KaKHX-TO lpenenax OT KOHUEHTPAUHH XJOPHOrO 3010Ta. Bechma
BO3MOXHO, YTO 3TO OGCTOATENbCTBO NOMOXET B AaJAbHeHuleM Bhific-
HHTb MEXAaHH3M H3yuaeMO# peakuuH.
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Banstnne pazaHyHblX OKNCAHTEAER HA KMHETHKY
H3MEHEHNR NAOTHOCTH BYaaM

Kak 6640 yka3awo Bbilie, HeT OCHOBaHHR NOJAaraTh, 4TO HORR
30.10Ta 06J1aaI0T KAKHMR-TO CneuRPHUECKHMH OCOOBEHHOCTAMM,
HCJEICTBHE YEro. OHH OKA3NBAIOT MCKAWYHTEALHOE AeBCTBHE Ha
cepe6paHbe LeHTPH. Hao60poT, MOXHO NMPEAROJOKHTH, MTO HOHH
APY 'HX HHEPTHHIX METal]oB, B NEPBYI0 Owepelk METAaANOB MJIAaTH-
HOBOA Trpynnu, a BO3MOXHO H ApPYrHe OKHCAHTEJH, MOTYT OKa3H-

BaTb Ha PororpadHyeckHe 3MYJbCHH aHAJOTHYHOE CEHCHOHIH3HPYIO- .
ulee aefctBHe. MiMeeTcsi, B YaCTHOCTH, pAA HHOCTPAHHHX NATEHTOB,
a5

a 2 4
/ 2 Lcasp 8 vec.

Puc. 6. Kunernka uameHenus D, T =55°, pBr=3,08,
pH=7,4.
1. Kourpoasnag suyaschus, 2. Baeaeno AuCl, 2,10-10° 2-3x8 na 1 4 smyan-
cun. 3. Bpeaeno 4,2.107° 2-9x8 Ha 1 4 sMyancHH. 4. Beeaeno
8,510 2-3x8 Ha 1 4 3MYyABCHM

PEKOMEHAYIOIIHX B KauecTBe CTaGH/IH3aTOPOB, B OCHOBHOM 3aMeJl-
JAIOUWHX POCT ByaJH OPH NPOABJEHHH H XPAHEHHH CJAOf, HEKOTO-
phie KOMIJIEKCHHE COeJHHEHH NJAaTHHH, NanjlalHA, POAdHs, pyTe-
HHA H Hpuausa [3]. [Ipn sToM B HekoTOpHX cayuasx oTmevaercs,
YTO S9TH COEAHMHEHHA MOTYT NMPHBOAHTh K MOBHUIEHHIO CBETOYYBCT-
BHTE€ABHOCTH.
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Puc. 7.
HC. 7. 3aBHCHMOCTB Da3HOCTH D.,,w..T,,—D,,,“l OT npo-
AONKHTEABHOCTH CO3pDEBAHHA.

00 —2.1.107% 2-9x8 AuCl, ua 1 4 sMyabCHE;
X x—4,2.10% 2-px8 AuCl: Ha lx n&ucuu

2,

10 " N
‘ 2 ;j—
{ coxpes 6 voc

PHc. 8. Bansuue K,PtCl; Ha kKHHETHKY H3Menenus D,. T =5%.

1. Konutpoabuas smyabcus. 2. Bsenewo 4.9-10— K,PICI, na 1 4 MY ALC
.2, . ,, HH. 3. B - ’
KsPtCly ma 1 4 3myancun, 4. Beeaeno 83,0-10— K,PtCl, Hyl 12 snynbc.nen"“o 17010

[P §
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Hamu 6H.10 HCC1€40BAHO B.IHSHHE Ha (doTorpadpuueckue cBoH-
CTHA MY.TLCHH HEKOTOPBIX H3 YKA3dHHHIX COCAHHEHHH npH BBeAe-
HHH HOCICAHHX B 3MYJbCHK) B Hauya/e BTOPOro CO3peBaHHH B ycC.Jo-
BHSIX, COOTBETCTBYIUIMX OOBIYHHM YC.JIOBHAM 30.10TOH CCHCHOHIH-
saunu. [loayueHHble AaHHble upeicTaBaeHn B Ttabauune 1. Ilpuse-
jlettible pe3yabTaThl NMOKAa3biBalT, YTO Bee HCNBITAHHbiE COEAHHEHHS
B GO.1blIeHd HJIH MeHbHIeH CTelleHH OBHINAKT BeAHYHHY MAKCHMAaAbS®
HOH CBETOYYBCTBHTE/JBHOCTH 3MYJAbCHA *).

TaSannal

BausiHHe coJefl HHEPTHBIX METANN0B HA MAKCHMANbHYIO CBETOUYBCTBMTEALHOCTH
H COOTBETCTBYIONYIO €fl NAOTHOCTL BYaaH

Hon OnTHManbHARA
ey | vowicwronund | 5, | D,

Meraana | Ha 1 2 AgBr)
KourpoabHas sMyabcHa . . . . . . - — 280 0,18
Xaopuoe somoto AuCly . . . . .. Aut? 48,0 480 0,21
Xaopnnatunar kaaua KPtClg. . . . pt+t 64,0 440 0,20
Xnopnaatrent Kaaua K PtCl, . . . . ptt? 10,0 600 0,32
Xaopupunat ammonus (NH,), [1rClg) . Ir+4 2,0 470 0,18
X{4'Cr)f.’_.'c')pm:m.r wonH? (NHOwlrChl | 1.4 540 | 0,32

CyanhOXNOPHPHANT aMMOHHA

(NH, (11 (S03)-Cl] « « . v . .« It 1,0 560 0,22
Ki[lr (8O5),-Cl}-6H,0 « . . . . . 3 2,5 490 0,26
Na[lr (SOy),- (NHy),)-81/, H,O . . . Irts 8,0 520 0,30
Hy [RUNO(C0q) « + « v+ o« . | Ru*t 1,0 550 0,50
RuNO(NO); &+ v v v v v v e h Rut4 9,0, 470 0,18
TISO.-2 TINO;- 16 CS (NHp), . . . | TIt! 0,4 500 0,28
X.opuetuft naanaaui PdCIL, . . . pd+? 12,5 360 0,20
OcwvueBas kucaora H,0s0,. . . . . Os® 7,5 100 0,22

B npoao.keHHE OlIHCAHHBIX BhHILUE ONHTOB MO BJAHAHHIO COJIH
30ora na dortorpadHyeckyio Byadb ObI0 H3YUEHO ,1eACTBHE Ha
KM THKV POCTa BYAJM HEKOTOPHX H3 HCNHTAHHWX coJed. Meto-
JMid IKClIIEPHMEHTAa OCTaBaJachb TOH ke, UTO H B Cayyae NPHMEHe-
nHy Xaopsoro soaora. Ha puc. 8, 9 u 10 nupuBe1eHH KHHETHYECKHE
KpHBLIE H3MEHEHHA IITOTHOCTH ByaJiH NnocJe BBEACHHA B 3MYJbCHIO

*) B HeKOTOpHX CAy4YasX MaKCHMANbHOH CBETOYYBCTBHTENbHOCTH COOTBETCTBYeET
{IOBBIILENIIAA MAOTHOCTL BVAAH, HO BO3MOXHO, YTO 3ITO OOGCTOATEALCTBO CBA3AHO €
1€10CTATONHO TIMATENbHHM BHOODOM ONTHMAaAbHHX YCAOBHH NpoBeleHHA ONHWTA.
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XJ0pNJIaTHHATA KaJAHA, XJOpHpHIAaTa AMMOHHA H XJOPHCTOro naa-
aaaus. M3  ananusa NpHBEACHHKWX JAaHHBIX CcJaeAyeT, 4YTO HOHH
YETHPEXBANEGHTHOH NJAATHHL H HPHAHA MOTYT NpH ONpeAeJIeHHHX
YCAOBHAX CHHXATb MJOTHOCTh BYyaJiH, B TO BPEMSA KAaK AAf XJIOPDHCTOTO
najjaiud TaKkHe YyCJOBHS nonoﬁparb He yaaJaocCh. OAHAaKO KOHUEHT-
palHA HCIIKTAHHBIX COEAHHel;lHﬂ, HeoO0XoAHMad AJAA CHHXKEHHA ByaJiH,

5|

25

20

15

({4 + 2 -
{ caspeb 8 wx

. Puc. 9. Bauauue (NH,), [IrClg] na xuue-
THKY u3MeneHna Dy. T = 55°.

1. KonTpoabHas sMyabcHR. 2. Baereno 2,6-107° 2-9x8
Ha 1 .2 sMyabcuu. 3. Bseaewo 7,0.107" 2-9x8 wua 1 4
IMYAbCHH. 4. Beezeno 17,5:1075 2 96 nal 4 smyascuu

3HauHTeALHO 60Jbille, YeM B CJAydYae XJOpPHOro 3070Ta. MoxHo
1IPL.IIOJOKHTE, YTO 3TO OOCTOATENBLCTBO CBA3aHO He C HHAHBH-
AYaJIbHHMH OCOGEHOCTAMH IIPHMEHSEeMbLIX HOHOB, @ C KOHCTAHTAMH
KOMII1eKCOOGPa30BAHHS BBOAHMBIX CoJeil.

IMpH 1eACTBHH HA 3aBYaJHPOBAHHYK) 3MYNbCHIO OKHCAHTEAS ApY-
roro mna—meneaocuneponucmro Kaads B 6GOAbWIOM JHana-
30He TeMnePaTypu (or 38° 80 72 ) ¥ konuentpauuh (ot 4-10-%
ao 100.10-° 2-3ks.) Ha6.1104310Ch CHHXKEHHE I11.JIOTHOCTH BYaJjH.
C.ieayeT OTMETHTH, YTO BEJHYHHA 3TOro CHUKEHHS B 3HAYHTEJBHO

4
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MeHblIeH CTemnedH, 4em B CAyvYae NpUMeHCHHs COIH 30.10Ta, 3aBH-
CHT OT KORNIENTpPanMH BBOXWMOR COJH, TeMIEPaTyph H KOHUEHTpaA-
M nouop 6poma M Boxopoaa (puc. 11).

Ha6aonaemoe nox BJAHAHHEM COJe# HHEPTHHIX METAJJOB MNOBH-
IeHHe NAOTHOCTH BYaJaH (MO CPABHEHHIO C KOHTPOJBHOA 3MYJIbCHER)

Dol
1
25
20
|
5
(5

14

{
ztmwiu'

Puc. 10. Bauanne PdCl Hassxunernxy nanenenua D,
— o

1. Kontpoatbnas suyascus. 2. Boeseno 4,2-107% 2-5x8 Ha 1 4 SMyAb-
cun. 3. Boeaeno 8,510~ z-sxs ma 1 4 suyascun. 4. Baexemo .
26,9-10—5 2-3x8 Ha 1| 4 SMYAbCHN. 5. Baeaeno 43,1:107° 2-ax8 wa 1 4

SMYABCHN

B CJyuyae xXene30CHHEPOAHCTOro KaJHA He OTMEHajnoCh. Hu npu
KaKkHX YCAOBHAX He Ha6.1i01a/loCh TaKxke H MOBHIUEHHE CBETOYYB-
CTBUTEJbHOCTH NOA AeACTBHEM KPacHOH KPOBAHOA COAH.
CyMMHUpya pe3y/bTaThl HCCJI€JOBAHHA KHHETHKH HIMEHEHHA NJoT-
HOCTH ByaJaH B NpOLECCe CO3PEBAaHHA SMYJ/bCHH, CAEAYET 3aMETHTD,
YTO pe3yabTaTHBHOEe AEACTBHe coJefi 30410Ta, NJAATHHH H HPHAHA
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3
¢ cogoel 6 vac,

Puc. 11. Baunune K;Fe (CN); na xunernky uamenenun D, T = 55°,

1. Koutpoarbnas smyasces. 2. Bseaewo 8,5-10— 2-3xks na 1 .t IMyAbcHH. 3. Beerewo
17,0107 ¢-3x6 'wa 1 4 smyabcuu, 4. Baczeno 42,0107 2-358 Ha 1 4 IMYALCHK
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Ha NJOTHOCTb ByalH OOyCJOBJEHO NpPOTEKaHHEM JABYX MPOTHBONO-
AOXKHbIX, ¢ PoTorpapHueckof TOUKH 3peHHA, npoueccos. B 3aBHCH-
MOCTH OT ycCJOBHHA co3peBaHHs (Temnepatypu, pH u pBr cpeam,
KOHUEHTPAUHH BBOAHMOA COJH H Ap.) CyUIECTBEHHO H3MEHAETCH
COOTHOILEHHE CKOPOCTEH MNpoleccoB, MNPHBOAAWMKX K MNaAEHHIO H
pocTy ByasH. B ycaoBHAX, COOTBETCTBYIOIMX CEHCHOHJAH3ALHH,
lpeBaJHpylollee 3HaYeHHE HMEeT TMPOUEeCC CHHXEHHS MNJIOTHOCTH
BYyanH.

Pe3yabTaThl HCCACLOBAHHS

[lpumeHeHHyi0 B HAWHX ONBITAX 3IMYJbCHIO, 11OABEPrHYTYIO AJH-
TE/JbHOMY CO3PEBAHHIO H CHAbHO 3aBYaJIHPOBAHHYI0, MOXHO paccMmar-
pHBaTh KakK CBOeoOpa3Hyio MoOJAe/]b, TdK Kak Ha HeH OCOGEHHO
JEerKo NpocaeAHTb AeficTBHE COael HHEePTHHX METaJdJOB Ha MJAOT-
HOCTb ByaaH. OGHapyX¢HHbE€ NMPH HCCAEAOBAHHH 3TOH MOJEAH ABa
POTHBOMOJOXHBIX 1pouecca, NPHBOALIHE K yMEHbIIEHHIO H yYBeJH-
YeHV¥v) NJAOTHOCTH BYaJH, CBA3aHH, OYEBHAHO, C ABYMSA MPOLECCAMH
Hen PeACTBEHHOrOo B3aHMOJAEACTBHA COJEH MHEPTHHX MeTaaJoB
C ueHTpamH ByaaH. Ecau 6yser HaiaeHo o6bsicHeHHe (H3HKOXHMH-
YeCKOH mpHpPOAbl 3THX NPOLUECCOB, TO, NO-BHAHMOMY, B KakKOH-TO
Mepe OHO MOXeT GHTh pacnpocTpaHeHO H HA mnpouecc GopMHpOBa-
HHSl CBETOYYBCTRHTE/JbHOCTH. B CBOI0 ouepeab, 3TO mMoMOXKeT npu-
6M3HUTbCA K MOHHMAHHIO MEXaHH3Ma CEeHCHOHaAM3auHH c¢oTorpadHye-
CKOH 3MYJbCHH COJIIMH HHEPTHBLIX METAJJ0B H, B YaCTHOCTH, K MeXa-
HHU3MY 30J0TOH CEeHCHOHJAH3AUHH.

Ilpupona 060HX Ha3BaHHHIX NMPOLECCOB CTaHET 60.ee HAH MeHee
NOHATHOA, ec.jH ¢oTorpapHuecKyio 3MyAbCHIO BMECTe C COoAepia-
NIHMHCSA, B HeH COJAAMH HHepPTHBX METaJJOB IpelCTaBHTh ce6e B
BHAE CJAOXHOH OKHCJAHTEJBHO - BOCCTAHOBHTEbHON CHCcTeMul. Oye-
BHAHO, UTO cojaepxauuecs B ¢otorpa¢pHyecKodt sMy ILCHH BOCCTAHO-
BHTEAH (XeJaTHHA) CcnoCO6HH BOCCTAHABJHBATL MOHB HHEPTHHIX
METaJaJoR; C APYro# CTOPOHH, IIOCJEJHHE MOTYyT HENnoCpPeACTBEHHO
B3aHMOLEACTBOBATb C CepeGPAHLIMH LEeHTpaMH (ByaJau HJH CBETO-
YYBCTBHTEJbHOCTH).

[lepBuiit npouecc B yCAOBHAX CO3PEBAHHA MOXET 3aKJAOYAaTbhCH
B TOM, YTO MNPH BOCCTAHOBJIEHHH 30J0TAa HJH APYTrOro HHEPTHOrO
MCTa. 114 H3 pacTBOpPa METAAA NIEPEXONHT B NepeChllleHHOe COCTOfA-
HHC H OCaMAAeTCA Ha CcepeOpAHBIX IEHTPAaX KakK Ha 3apojbluax.
drc  ipouecc, ¢AAOBATENIbHO, B H3BECTHON CTeleHH aHaJOrHYeH
nponeccy ¢uaHueckoro nposBaeHHs. OYeBHAHO, OH JOJXKEH TNpPH-
BOJIHTL K YBE.JHYCHHIO AKTHBHOCTH KaK LEHTPOB ByaJH, TakK H
IICHTPOB CBCTOUYBCTBHTE.ILHOCTH.

Bropoii npoiecc - upoiecc HenocpeiacTBEHHOTo B3aHMOAECHCT-
BUS MOHOB HHEPTHBLIX METAaJJOB C CepeOPAHHIMH LEHTPAMH—3aKAlO-
4yaeTcAd, OYEeBHAHO, B OKHCJEHHH 3THX UEHTPOB, T. €. B Nepexosne
3JIEKTPOHOB C cepe6GpAHON 4YaCTHUB Ha HOH HHEPTHOTO MeTaJj.a.

3rot npouece, ¢ ¢pororpapHueckof TOUYKH 3PEHHHA, AOJIKEH NPH-
BOJAHTH K MOHHXEHHIO IJOTHOCTH BYa.JaH, 8 He K CHHXEHHIO BEJH-
YHHL CBETOUYYBCTBHTEAbHOCTH. Takofi, Ha mepBHHA B3rasa, NapoaoK-
CaJibHbLfi BLIBOJA HE HAXOAHTCA B NMPOTHBOPEUYHH C O6GIIEH3BECTHHM
nonokenHeM o OGOJABUWIOH pPeaKULHOHHOR CHOCOGHOCTH AHCMEPCHBIX
CHUCTeM C 60bIOR Y/A€AbHOH 1IOBEPXHOCTbIO, TaK KaK NMPH pacCcMOT-
peninn dotorpadHyeckoro npouecca CylLeCTBEHHOE 3Ha4YeHHe HMeEer
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He o61as Macca NpPOpearHpoBABLIHX 4AaCTHI, & HX YHCJAO H HHIAHBH-
AyaabHue pasMepn. O6aagas 60.blIOA HHAHBHAYaAbHOM NOBEPX-
HOCTbIO, UEHTPH ByaJH 6yayT ¢ 6oJblied CKOPOCTbIO TEPATh ATOMH
cepe6pa MoA BJHAHHEM OKHCJHTEAf H, CJAELOBATEAbHO, C GoJablued
CKOPOCTBIO TEPATh CBOX (hoTOrpadHyecKylo aKTHBHOCTb, yeM 6o.Jee
MeJKHE UEHTPH CBETOUyBCTBHTeJbHOCTH. He HckawOueHa BO3MOX-
HOCTb 11€PEXOAa IPH 3TOM UEHTPOB BYaJH B LEHTPH CBETOYYBCTBH-
TeNbHOCTH.

BuckazaHHbe BuIue coobpaxeHHss O (H3HKO-XHMHYECKOH Cyul-
HOCTH MPOlleCcca, NPHUBOAALLEIO K YBEIHYEHHIO AKTHBHOCTH cepeé-
PAHLIX LEHTPOB, H AHANOTHYHOTO PHIHYECKOMY MPOSABACHHIO, HAXOAAT
CBOe KOCBEHHOE MNOATBEpXJAEHHE B INPHBEJCHHHX B HaCTOALLEM
COOGIEHHH 3KCIepPUMEHTA bHHX JaHHbIX. XapakTepHo# o0cCo6eH-
HOCTBIO NPOLECCa, NPHBOAAILETO K POCTY MJAOTHOCTH ByaJH, fB-
JAfeTCH HE3aBHCHMOCTb CKOPOCTH €ro IpOTeKaHHH OT KOHUEHTPaUHH
(B onpeneseHHHIX mpejAesax) HOHOB 30/10Ta, €CAH MPOUECC NMOBbILIE-
HHA NJOTHOCTH ByaJH Ha6A101aJCH B yCJAOBHAX, HCKJIOYAIOIHX NPO-
uecc OkucaeHHA (puc. 7). 3To OOCTOATEABCTBO, THNHYHOE AJIA
$H3HYECKOTO MPOABJCHHSA, YKa3nBaeT Ha TO, YTO B JaHHOM C.ayuae
CKOpPOCTb CyMMapHOro mnpoliecca onpeieasieTcsi CKOpoCcTbio €ro BTO-
POl CTAfHH, T. €. CKOPOCTbIO KOHNEHCAUHH 30/0Ta Ha cepeobps-
HbHIX 4YaCTHLaX.

THNHYHBIMH yCJAOBHAMH, o6ecneyHBalUIHMH NpOTEKaHHe npo-
11ecca HenoCpeACTBEHHOTO OKHCJEHHA CepebpaHblX YacTHI[ HOHAMH
MHEPTHHX METaJ/0B, ABJAAOTCA HH3KHe 3HawyeHHs pBr m pH cpenn,
KOTOpHE, Kak H3BECTHO, B TO Xe€ BpeMA fBJAIOTCA HEOOXONHMbIMH
YCJAOBHAMH AJS CHHXEHHS WJOTHOCTH ByaaH. Takum o6pasom,
HabalogaeMoe AeHCTBHE COJIeH HHEPTHHX METaJAJ0B HAa NAOTHOCTH
ByaaH nepeapesiueil ¢pororpadpuyeckolt 3My.1bCHH, BHIOPAHHOA HAMH
IS UCCAeNOBaHMS B KauyeCTBe MOJEJH, MOXeT OHTb OOBACHEHO
T€M, UYTO B 3MYyJbCHH IIpH 3TOM MNPOTEKalT ABe CBoebpasnuie
OKHCJINTEIbHO-BOCCTAHOBHTEAbHBE peakuHd. [lepBas H3 HHX — 3TO
BOCCTAaHOBJIEHHe MOHOB HHEPTHLIX METaJdJiOB BOCCTAHOBHMTEAAMH
HeJATHHH, IPOTEeKawllee aHaJOIrHYHO MeXxaHHu3My (H3HYecKoro
NPOSBAEHHS, UTO NPHUBOAHT K YBE.THYEHHIO AKTHBHOCTH IIEHTPOB.
Bropas peakuusi—oKHC/Ae€HHE CepeOpAHLIX LCHTPOB HOHAMH HHEPT-
HBX METaJaA0B, NPHBOAALICE K MOHHXKEHHIO AKTHBHOCTH 3THX UEHT-
poB. B saBucumoctH ot yc.aoBuil (temnepatypsl, pH H pBr cpean
H KOHUEHTpPAllHM COOTBETCTBYWINEH CO.H) OTHOWIEHHE CKOPOCTeidl
O6GOHX MPOUECCOB MOMKET NPETEepHeBATL CYUleCTBEHHOC H3MeHeHHe,
3TO0 HAXOAHT CBGC BLPAXKEHHE B TOM, HTO KapTHHA H3IMEHEHHUS
NIOTHOCTH BYaJH BO BpPEMCHH 1OA BAHHHHEM CO.0ell HHePTHHIX
METAIJI0OB MOKET OBITh CAMOH PasaHYNOH.

Brickaszaunuie cooGpameHHs 1HO3BOAAIOT HCIO.Ib30BATHL AAHHBIE,
HONYYEeHHLIE B Pe3yJbTaTe  3IKCIEPHMCHTAJIBLHOIO HCC.1e10BaHUA
BIHAHUA CO.¢ HHEPTHHX METAaJJOB HA NJAOTHOCTL BYaJH, 1.4
OGbACHEHHS BaXHellIMX OCOGEHHOCTEH MEXAHH3MA CEHCHOHJIM3aLHH
doTtorpadHYecKHX 3MY.IbCHH CONAMH HHEPTHBIX METanaJloB, B TOM
YHCAe MeXaHH3Ma 30J0Toil ceHcHGHau3auuu. [lpenmymecTBenHoe
(u36upatenbHOE) OKHCJAEHHE HaH6O0.1ee KPYNHLIX ILEHTPOB — LEHTPOB
BY3aJAH — HE HABJSETCH, 10-BHAMMOMY, NOCTATOYHHWM YCJIOBHEM KA
AOCTHXEHHA CyllecTBeHHOro 3sdpdexrta 30J0TOR CEHCHOMAM3AUHH.
JTo caeayeT, B YaCTHOCTH, M3 XOPOWIO H3BeCTHOrO (pakTa AcHCTBHA
OKHC.IHTeJeli Ha CBETOUYBCTBHTEABHOCTb QOTOrpadPHYeCKkHX 3MYJb-
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cuiti. M3 puc. 11 Buauo, yto npubaBjeHHe K 3MY.ILCHH pacTBOpa
/KeJe30CHHEPOLHCTOrO KaJIWf BH3KBaeT 3HAYHTEAbHOE CHHXKEHHe
NA0OTHOCTH Byann. OAHAKO 3TO CHHXEHHE IIMTOTHOCTH BYdJH, 10O-BH-
JAMMOMY, HH TMPH KaKHX YCJOBHAIX He COIIPOBOXKAAETCH 11OBbIIUEHHEM
CBeTOYYBCTBHTENbHOCTH.

BecbMa BeposiTHO, 4TO Hapsly C OKHC.1€HHEM UEeHTPOB ByalH-
POBAHH® B NpolEeCCe 30J0TOH CeHCHOHJIH3AUMH He MeHee BaXHYIO
pO.abL HIpPaeT M yBEJHYEHHE AKTHBHOCTH CepeOPAHHX LEHTPOB
CBETOYYBCTBHTEJbHOCTH, NPOHCXOAfLLEE 110 MEXaHH3MY, GAH3KOMY
K MEXaHu3My ¢u3nyeckoro nposBieHHs. O4eBHAHO, B 3TOM cJayuae
ONTHMANbHBIA pe3yabTaT 30J0TOA CEHCHOHJH3AUHH MOXeT OHTb
JAOCTHTHYT TO.1bKO NPH YC.JIOBHH ONTHMA.1IbHOIO COOTHOLIEHHS CKO-
pocteit o6oux upoueccoB. MoOXKHO ayMaTbh, YTO MNPH TAKOM OMNTH-
MAJbHOM COOTHOIUCHHH CKOPOCTeH 3THX npoueccoB 6ynet AOCTHr-
HyTa HAW60./1bUIAY OAHOPOAHOCTL LEHTPOB CBETOYYBCTBHTENbHOCTH.

* *
*

B sakaiouende aBTOp BHpaxkaeT 6.1arolapHoCTb UJeHY Koppec-
nonaeuty AH CCCP npod. K. B. UubucoBy 3a HHTepec, NposBJEH:-
HBIl K pabore H O6CYyX/1eHHe Pe3yJbTaToRB.
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H. M. PATHEP

BJIMSIHHE COJIEA 30JIOTA U NJIATHHbLI HA CTPYKTYPY
CEPEBPAHbIX YACTHU

CoraacHo coBpemeHHHM Bo33peHHaM [1], dotorpaduuecknit npo-
uecc mpeacrasaser Co6oR eAHMHWA OKHCAHTENbHO-BOCCTAHOBHTENb-
HH#A mpouecc pocta aKTHBHHX cepeOpAHHX ueHTPoB. [lockoabky
nponecc 9TOT ABAAETCA aBTOKAaTAaJHTHUECKHM, MOXHO G6bnJo O6nl
NPEANONOKHTb, YTO AKTHBHOCTb LEHTPOB Gyaer Bo3pactraTh C yBe-
AHYEHHEM HX pa3mepoB. OAHAKO XOPOWO H3BECTHHE SABJACHHA COJA-
PH3aUHH H HHBEPCHH ByaJH NPOTHBOpEYaT 3TUMY BHIBOAY H 3acTas-
JAAIOT CAENATh 3aKAIOYEHHE, YTO AKTHBHOCTb Cepe6GpAHHX LEHTPOB
B ¢oTtorpapHyecKkoR 3My/NbCHH 3aBHCHT HE TOJAbKO OT HX pa3MepoB,
HO H OT HX BHYTPeHHeld CTPYKTYpH.

s u3yuenus ctpyktypu uactuu 3. Sl. Bepectuesoii, T. A. Ko-
peukoA H B. A. Kaprunum 6naa npeasoxena meroauka [2], ocho-
BaHHast Ha OAHOBPEMEHHOM 3JAEKTPOHOMHKPOCKOIIHYECKOM H 3JIEKTPO-
HorpapHaeckoM HccaenoBaHHH. [IpH H3yYeHHH CTPYKTYpH pa3auy-
HHX 30/€R 3TH aBTOPH MOKAa3aJH, YTO BHayaJje, NPH NPHIrOTOBAEHHH
3024, BCeraa noJayvalorcd kpynune, 6ecpopMeHHHe o6pa3oBaHud,
HMewouHe aMmopdHylo CTPYKTYpy, a 3aTeM, No Mepe CTapeHHs 3041,
NPOHCXONHT NMOCTENEeHHHA Mepexos ero YaCTHU B KPHCTaAJHYECKOE
coctosHne. CkKOpoCcTb STOro mnpouecca AAA Pa3NHYHHX 30aefl
HeoauHakoBa. CpeaH npouHx o6beKTOB OHJ H3ydeH 30Jb MeTaJ-
JAHYECKOTO 30/10Ta, MPHrOTOBJEHHHA NPH MOMOIIH BOCCTAHOBJEHHSA
XJ0pHOro 3onora Geanm docpopom [3]. das 3sToro soas mpoaoa-
KHTENbHOCTb CYIUIECTBOBAHHA YaCTHU B aMOP(HOM COCTOSHHH
cocraBafna npH koMHaTHO# Temneparype 10—15 MHHYT.

[lo ananorun ¢ npHBEeACHHHIMH AAHHHMH MOXHO GHJIO MPEANOAO-
XKHTb, 4YTO cepe6pAHHE YaCTHUHW TaKXe MOryT CyIlecTBOBaTb B
aMOpP(®HOM H KPHCTaNNHYECKOM COCTOSHHAX. 3TO MOJAOXKEHHE CAElO-
BaJO AO0Ka3aTh, NMpexAe 4YeMm nNepedTH K HCCIEAOBAHHIO CTPYKTYPH
cepe6pAHBIX WUEHTPOB, NPHUCYTCTBYIOUWIHX B SMYJbCHH H KaTaJAM3H-
PYIOIIHX Ty HJAM HHY10 CTaaHio $poTorpadHuecKkoro mpouecca.

B kauectBe 06bekTOB HCC/AEAOBAHHA OHJAH BHOPAHH 304H Ce-
pebpa, NPHroTOBAEHHHE BOCCTAHOB/JEHHEM OKHCH cepe6pa 6eanM
docpopom, dopmMaiHHOM H ruapasuH-rHApaTOoM [4]. [ToayueHHue
pesyabTaTH [5] mokasaaH noaHOE cOBMajeHHE KayeCTBEHHOA Kkap-
THHH CTapeHHA cepe6pAHHX 30J€A C 30/1AMH, ONMHCAHHHLMH B YyKa-
3aHHHX BHiwe pa6otax [1, 2]. [IpoAOAKHTEABHOCTD CYLIECTBOBaHHS
cepeGpAHBIX 4aCTHL B aMOppHOM COCTOAHHH AJAS 30/, NMPHTOTOB-
JIEHHOTO BOCCTAHOBJEHUEM OKHCH cepebpa GenwM ¢ochopoM npH

60

Declassified in Part - Sanitized Copy Approved for Release 2011/11/15 : CIA-RDP80T00246A063100080001-2



| — -

Declassified in Part - Sanitized Copy Approved for Release 2011/11/15 : CIA-RDP80T00246A063100080001-2

KOMHaTHOH TeMmepaType, OKa3anaCb 3Ha9HTeAbHO Goabuie, 4eMm AAf
3018 30.0Ta, H COCTaBJAJAa NPUOJH3HTEAbHO OJAHH Hac.

Jlanee 6H.I0 MPOCJEKEHO H3MEHEHHE CTPYKTYpH CepeGpsiHbix
eHTpoB B ¢doTorpapHyecKof 3MyAbCHH B npouecce ee CO3pEBAHHA
i ¢ortoausza [6]. [lo.ayuennue pe3yabTaThl NMPUBEIH K BBIBOLY, YTO
BCE aKTHBHHE CepebpsiHble UEHTPH (Kak LLeHTpPbl CBETOYYBCTBHTEJb-
HOCTH, TAK M IEeHTPH ByaaH H CKPHTOro H3o6paxxeHus, 06.1a1ai0T
amopHoii cTpykTypo#. [lepexoan cepe6psiHbIX LEHTPOB B KPHCTaa-
JHYEeCKOe COCTOsiHHEe JesaeT HX yXe HeCNOCOGHbBIMH KaTaJaH3HpO-
BaTh MPOIECC NPONBJIEHHA, KAaK 3TO HMMEeT MECTO MNpH ABJEHHAX
COJIAPH3AIHH H HHBEPCHH BYaJH.

B cBeTe BLICKa3aHHHMX NPEANOJIOXKEHHH H B CBA3M C HCCJe]OBa-
HHeM MexaHH3Mma celncHOHau3auun dortorpadHieckod 3MYyJIbCHH CO-
JHMH 30.10Ta H APYTHX HHEPTHLIX METaJJoB, HPEACTABAANO HHTe-
pec M3yuYHTb AeACTBHE HOHOB HHEPTHHX METAJAN0B HAa H3MEHEHHE
CTPYKTYpH cepebpstbix 4acTHIl. [las 3TO# 1eIH B CBEXKENPHrOTOB-
JEHHBI cepeGpsiHblit 302b, 110.TYYECHHHA NPH NOMOLH BOCCTaHOBJE-
HHA OKHCH cepebpa GeanlM pochHopoM, BBOAHAH PACTBOP XJAOPHOTO
3040Ta B Ko.auuectBe 1-2°%, or coaepxaunus cepe6pa. Ecau Oul
HOHBI 30J10TA, BOCCTAHABJHBAACHL 110/ AEHCTBHEM UPHCYTCTBYIOLLETO
BOCCTAHOBHTE A, O6GPA3OBHIBAJN HHAMBHAYA IbHbIC (COCTOSILIIHE U3 OA-
HOTO 3010Ta) YacTHIK, Macca HX Obsa O6ul fIBHO HEROCTAaTOYHOM
A5 HOAYUYEHHSA 3JeKTPOHOMHKPOCKONHYeCKOoH, H TeM 6o.aee 3JeKT-
ponorpaduueckoit, kaptuuu. [MostTomy HnaGawaaeMas KapTHHA Aed-
CTBHTC.ILHO JIOJKHAQ OTpaXaTb KHHETHKY CTapeHHs cepebpsiHOro
3015 B NMPHCYTCTBHH HOHOB 30/10Ta. Pe3y.ibTaTh 3/J€KTPOHOMHKPOC-
KOIIHYECKOTO H 3JeKTpolorpadrueckoro HCCaAeAOBaHHA TAKOro 30/
npeacrasaensl Ha puc. 1. TloayueHHne aaHHHE [OKAa3HBAIWOT, 4TO
HcCaeAyeMb  304b cepebpa cpa3y mnoc.ae 1pHGaBaeHHS XJOPHOro
3040Ta HMeeT eule aMOpHYK CTPYKTYpPY, TaK Xe KaK H CBexe-
NPHTrOTOBJAEHHHU 30.1b cepe6pa. OAHAKO yKe nocie NATHMHHYTHOrO
BHICTAWBAHHA TNpPH KOMHATHOH TeMueparype HaYHHAETCA nepexon
aMOPQHHIX Cepe6GpPAHMX YacTHIL B KPHCTaaAH4YeCKOe COCTORHHE, B
TO Xe BpeMA Kak IIpH OTCYTCTBHH 30.0Ta, 3TOT MPOUECC HAYH-
HaeTCcd MNPHOGAH3MTEAbHO uepe3 4Yac Mocje MNPHroTOBJEHHA 30J1.

‘ Takum 06pa3oM HOHB 30/10TA 3HAYHTEJLHO YCKOPAT MPOUECC KPH-
CTaJJAH3aUHH cepeOpAHLIX YaCTHIL.

AHanorMyHLe OlbITH, NPOBEJEHHHE C IJaTHHOBOR COJbIO, Mpen-
ctaBneHH Ha pHc. 2. OGbeKTOM HCCAeAOBAHHA CJAYXHJI TOT Xe
cepebGpsiHblii 30.1b, B KaYeCcTBE COJH NJATHHH O6BHI/N MPHMEHEH XJOP-
njaTHHaTt kasaud. [lonyyeHHas kapTHHA NOKa3WBaeT NMOJHYIO HAEH-
THYHOCTb B AEACTBHH Ha cepe6psiHbE LEHTPH coqed 30/M0Ta H njaa-
tui. [lapaasneanbno 6baa HCCAeLOBaHA KHHETHKA CTApEHHA B TeX
e yCJOBHSIX 30.11 METAaJIH4YeCKOA NJAaTHHH, MOAYYEHHOro BOCCTa-
HOB/IEHHEM XJIOpNJAaTHHAaTa Kajaua GeanM ¢ochopoM MNpH KOMHAT-
Hot Temnepatype. [laHHble, npHBelenHHHE Ha PHC. 3, CBHAETE]b-
CTBYIOT O TOM, 4TO O6Gpa3yiolulHecsi NJAAaTHHOBHE YaCTHUH TaKXxe
o6GnranawT aMop}HOH CTPYKTYpPOH; CKOPOCTh HX lepexola B KpH-
CTAANHYECKOe COCTOsHHE J0BOARHO BeAHKa H NPHOJAH3HTEALHO
paBHa CKOPOCTH AHAJOTHYHOTO IIPOHEcca AJNA 4acTHI 30/0Ta.

B npeamayuweit ctatee Hactosiero c60pHHKA (7], npH H3y4YEHHH
JNeACTBHA HOHOB 30J0Ta H APYTHX HHEPTHHIX METaanaoB Ha ¢oTo-
rpadpHyeckyo Bya.lb, O6blJ1 CA€JaH BHBOA, YTO NOBHLUIEHHE CBETO-
YyBCTBHTEJbHOCTH 3MYJAbCHH NPH AOGABJECHHH B Hee 30J0TOR COJH
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Puc. 1. Kuneruka crapenud Ag-SO.‘lH B NPHCYTCTBHH COJH 30J0Ta.
[.MukpodoTorpad unmn

a) CeeXenpHroToBIEHHRR 304L; 6) 3046 Cpasy mocae seenreHus AuCly; nocre npubasrenus CoOAM
301074, 8) Yepe3 5 MHH.; 2) yepe3 15 muH.; 3) uepe3 1 vac,

1. dnrexkTporHOrpammu

e) CoeXENPHIOTOBACHRHA 304b; ) 30ab cpa3y nocac Beeienns AuCl,: nocae npuGasaenns coan
30a0Ta; 3) uepe3 5 MMu.; u) vepes 15 MMH.; k) uepes 1 uac
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Puc. 2. Knneruka crapends Ag-30aa B NPHCYTCTBHH COAH NAATHHM.

I. MukpodoTorpadumu
a) CBCXKENpHTrOTOBACHHHA 304b; 6) 30ab Cpa3y nocie pBeacHHs K,PiCl,: nocae npnbabae-
HHS COAW MNATHHH, 8) uepe3 5 MHH.; 2) uepe3 10 mun.; d) ueped 30 MHH.

Il. 3aeKkTpPpoHOTPAMMN

¢) CBCXKenpHTroTOBACGHHWA 30ab; J) 3046 cpasy uocae sseaenus K PtClg nocae npuGanae-
HHUS co'm nAATHHN; 3) uepe3d 5 MuH.; &) uepel 10 Mun.; &) uepe3 30 Mun.

s e
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Puc. 3. Knuuneruka crapeuns Pt-3oas.
I. Mekpodororpadmun

a) CeexenpuroToBeHHNA 30Ab; NOCAE NPHrOTOBAEHHE 30a%; O6) uepe3 5 MMH,; 8) uepes
10 MuH.; 2) yepes MHH.. d) yepes | wac.

1. 3xexkrponorpamMmmu

€) CoeXenpHroToBACHHNA 304b; NOCAE NPHTOTOBAEHHR 30AK; M) HEPE3 5 MHH.. 3) yepes
10 mun.; u) uepes 20 MHH.; X) uepes | vac
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MOXeT OHTb OGyCNOBJEHO HHAKTHBaUHER CepeSpAHHX IEHTPOB
BYaAH BCJENCTBHE OKHC/AEHHA MOCJAEAHHX HOHAMH 30J40Ta. Pesyas-
TaTH 9JEKTPOHOMHKDOCKONHYECKOro HCCAENOBAHHA Cepe6panbIX
YacTHU, H3JI0XKEHHHE B HactosimeHd pa6ore, NO3BOAAIOT BHCKa3aTh
NpeAno/iokeHHe, YTO HHAKTHBAlUHA LEHTPOB ByaaH, KaK MNpeano.a-
raeMas MPHYHHA MOBHUIEHH CBETOYYBCTBHTEJbHOCTH, MOXET NPOHC-
XOAHTb HE TOJbKO NyTeM OKHCJAEHHA Cepe6pAHHX YacTHU, HO H
nyTeM Mepexojaa HX NnoA AeACTBHEM HOHOB HHEPTHHX METaJIOB B He-
aKTHBHOE, KPHCTaJAHuYeckoe cocTosHHe. O6a 06bACHEHHS MeXaHH3Ma
B3aHMOJEACTBHS STHX HOHOB C Cepe6GpPAHHMH LEHTPaMH ByaaH
HEe NMPOTHBOpeYaT APYr APYry, H He HCKJAIOYEHA BO3MOXHOCTb OAHO-
BPEMEHHOr0 NMPOTEKAHHA YKa3aHHHX NMPOLECCOB.

ABTop HacToswed cTaThH Bhpakaer 6JaroAapHOCTh 4a. KOPP.

AH CCCP npod. K. B. Yu6ucory sa untepec, npossBACHHHA K 9TOR
pa6orTe.
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B. H. WEBEPCTOB

WCCAEAOBAHUE 3HEPTHH AKTUBALIMHA NMPOSIBNEHHUS 3
®OTOrPAGHUECKHX CJIOEB '

CopepxaHnne

i 1. Beaenne.
{ 2. DHeprua AKTHBAUHH NpPOABAEHHA 1 OGHA MeTo] ee ompeneneHH:.
i 3. ®opMyna, CBA3NBAKILAA BeAHUHHbH SHEPTHH AKTHBAUMH MPOABACHHA H cre-
| neH# H3OHPATEABHOTO AEACTBHS NPOABUTENR.
I 4. O630p ¢aKTOpPOB, OT KOTOPHX 3aBHCHT 9YHEPrHA AKTHBAUKH dororpadnue-
! CKOTrG MPOABAECHHA.
5. Wccaepopanie NOAUHHAEMOCTH KHHETHKH NpPOoABACHHSA dororpadunuecknx
caoeB ypaBHeHHw Appenuyca.
6. CnocoGh BHPAaXEHHA CKOPOCTH H 3SHEPIHA AKTHBALUHH NPOABACHHA.
7. Dnddysnonnnie ABIEHHA B dortorpadpuueckon croe H 9HEPTrHA AKTHBAUHH
IlpOﬁBJleHHﬂ.
8. 3aBHCHMOCTb 9HEPTHH AKTHBALHH NpOABACHHA OT SKCMOIHUHH H NPOAOAKH-
1eAbHOCTH MPOABACHHSA. '
9. ®u3Kueckoe cojaepyanHe 9KCNEpPHMEHTAABHO ONPEAeAREMbHX BEAHUYHH SHEp-
[HH AKTHBAUHH NPOABAECHHA.
10. 3aBHCHMOCTb SHEPrHH AKTHBAUHH IPOABAEHHA OT CTENEHH coapeBanua M
OT COCTaBa (bororpa(puuecxoﬁ 9MY ALCHH.
11. Bausnue NPOTHBOBYANHPYIOUIHX H CTaGHAH3HDPYIOUIHX BEWECTB HA SHEPTHO
AKTHBAUHH NPOABIEHHA.
12. Temnepatypnas 3aBHCHMOCTD poccTanoBnenus 3oned GpoMHAa cepebpa M
cepebpanbX coael 6eH30TpHA30NA H 5.MeTHA-T-OKCH-2, 3, 4-TPHA3AHI LONHUHKA.
13. 3aBHCHMOCTb SHEPTHH AKTHBAUHH nposBaeHns o1 Bubéopa nposBAA0INETO .
BeuecTsa.
14. OTHOWENHA MeXAy Sieprued aKTHBAUMH TPOABACHHA W HIGUPATEABHLM
aeficTBHeM nposBHTENeR na fpotorpapuueckne CAOH.
15. MexanuaM H30HpATEALHOTO aefictsud nposBHTEAEA Ha dororpapuueckne

CNOH.
16. Jlutepatypa.
1 Beeaenue

dotorpaduuecKoe NpoABAEHHC B XHMHYECKOM OTHOIWEHHH npel-
ctasaset coboft OKHCAHTEAbHO-BOCCTAHOBUTEALHYIO PEAKIHIO, B XO-
Ae KOTOpOfA HOHB cepebpa (Ag™*) BOCCTAHABAMBAIOTCA A0 €BOGOA-
noro cepe6pa (Ag), a MOJeKyAb HH MOHE 1IPOABJAIONIETO Belle-
i CTBAa OKHCARIOTCH, 4TO MOXET 6HTH H300paXeNo caeayiolie#t cxemof:

Ag* +Red- = Ag+ Ox, (N

rae Red~ -— BoccTanosaeHuas, a Ox — oxkucaeHnas ¢opmbs TpPORA-
asowero sewectsa Oanako He BCAKaA peaxuus nogo6uoro THna
MOXET CAYXHTH doTorpadHuecKkoMy IPOABJICHHIO, HOCKOALKY He-
IpEMEHHBIM YCJIOBHEM nposiBAeHHSA ABAALTCA  H30HpaTeabubfA® xa-
paKTep BOCCTAHOBJAEHHSH cepe6pa, 3aK/I0YAIOUHACA B TOM, 41O NPO-
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fiBJeHHE HA IKCNOHHPOBAHHHX YyuyacTkaX ¢oTorpapHyecKoro cJaof

nporekaeT 6HCTpee, YeM Ha y4acTKax CJO0%, He {l0ABEepPrHyTux Aed-

CTBHIO cBeTta. Mexay TeM, M3BECTHO, UTO HE Ka)KAHWHA BOCCTAHOBH- .
Téab, CNocoO6HHA BOCCTAHABJAHBATL Ccepebpo doTorpadpuueckoro

CJIO%, OCYUECTBAAET BOCCTAHOBJIeHHe H36HpaTeabHo. Tak, HanpHmep,

B pe3yibTaTe NOFPyXEeHHA 3KCIOHHPOBaHHOro ¢oTtorpadpuuecxkoro

C/OA B IULEJOYHOH pacTBOP XJOPHCTOro ogoBa (T. e. B pacTBop,

coaepxauled CTAHHHT-HOHBI) MBl NOJYy4aeM PaBHOMEpPHOE MOYEePHEHHe

BCe€X Y4acTKOB CJIOf, HE3aBHCHMO OT TOro, AeACTBOBAaJ CBET Ha 9TH

YYacTKH HJH HeT.

HUabupateabHul#t xapaktep ¢otorpadpHueckoro nposiBneHHA 0Oy-
CNIOBNEH KaTaJHTHYECKHM AefACTBHEM LEHTPOB CKPHTOro H3obGpaxe-
HHf H 3apoiniieft cepe6pa, pacTyllUx B npouecce NpOABJAEHHA.
Taknm o6pa3oM, MexaHH3IM H3IOGHPaTeNbHOrO AeHCTBHSA nposBHTeNeft
Ha ¢poTorpadHueckHe C.IOH CBA3aH C MEXAHH3MOM KaTa/H3a peakIlHH,
cxeMaTHUeCKH H3o6paxkeHHoH dopmyaoht (1).

Kak H3BeCTHO, AeficTBHE reTepOreHHOro KaTajH3aTopa BH3hBaeT
CHH)XE€HHE 3HEeprHH aKTHBALHH KaTaJaH3HpyeMmo# peakuun. M3 storo
NONOXKEHHA MB HCXOAHM AJf OGDbACHEHHHA MeXaHH3Ma H36HpaTeab-
Horo jaeicTsuss nposBHTeaefl HA doTorpapuyeckue caou. [lpyrumu
CA0BaMH, NpgAnoaaraetcs, 4To 6oaee GHCTPOEe BOCCTAaHOBAEHHE ce-
pe6pa Ha 3KCMOHHPOBAHHHX Y4acTKax CJ0S o6ycaoBaeHo GoJaee
HH3KOR 3Heprueidl aKTHBAUHH BOCCTaHOBJEHH cepebpa ,3KCIOHH-
POBaHHHIX® 3MYJbCHOHHBLIX 3€peH NO CPaBHEHHIO C IHEprHed aKTHBA-
IlIHH BOCCTAaHOBJIEHHS cepe6pa ,He3KCNOHHpOoBaHHHX" 3epeH. C aTo#t
TOYKH 3PEHHA, BO3MOXKHO, UTO Pa3/HuHA B CTENEHH H3GHpPaTeJbHOTO
AGACTBHA Pa3sHLHIX BOCCTAHOBHTeNEeH (HampHMep pPa3NHYHA AeACTBHSA
Ha CAOH MapaaMHHOPEHO/Na H CTAHHHTA HATPHA) BH3BAHH PAa3JHYHAMH
B CTENEHH CHHXXEHHA 3HEePrHH AaKTHBAallHH BOCCTAHOBJIEHHA cepelbpa
3THMH BOCCTAaHOBHTENfIMH,

2. JHeprus aKTHBAUMH NMPOABACHHS M OGIUHA METOA €€ ONpPeAeACHHR

[Ipexae uem nepexoAHTh K H3JOXKEHHIO pPe3yJbTaTOB 3KCNEPH-
MEHTaJbHOA pa6oThi, Mbl CYHTAaeM MOJIE3HHM KOPOTKO OCTaHOBHTbCAH
Ha QH3HUECKOM COJAEPXAHHH TNOHATHA ,3HEprHs aKTHBALHUH NPOAB-
JIeHHA* H Ha MeTOJe ee OomnpejesIeHHS.

Kak u3BecTHO, 3aBHCHMOCTb CKOPOCTH XHMHYECKHX peakuufi ot
TeMnepaTypnl B 6OAbIWHHCTBE CAy4aeB MOAYHHAECTCH IMIHPHUECKOMY
ypaBHeHHI0O AppeHHyca

B
lﬂ'U=A—-?y | (2)
rTAe U - CKOPOCTb peakiiuH, T -- Temmneparypa B rpaaycax a6coJior-
Hoe wKanu, a A H B — kouctanTH. CKOPOCTL ¥ O6GHYHO BHPAaXaioT
KOHCTaHTOH K CKOPOCTH peaKlHH, H ypaBHeHHe AppeHHyca NPHHH-
MaeT TaKko# BHA:
B

nK=A——. 3
nkK T 3)

BMecte ¢ TeM, COrjiaCHO mNpPEeACTAaBJEHHAM XHMHUYECKOA KHHe-
THKH, CKOPOCTb pEaKUHH OonpeaeasieTcs YHCIOM 3ddeKTHBHHX co-
yaapeHH#t (Z) pearHpyiolHX 4acTHU:

v=K-Z. 4)
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fIpn sToM npHHHMaeTCAs BeCbMa BEpPOATHOE AONYILIEHHE, YTO H3
obuwero yucaa coyaapeHuit 3¢ peKTHBHHMH OKAa3HBAITCA COyaape-
HHA TOJABKO T€X YaCTHL, CyMMapHas 3Heprusi KOTOPHX paBHAa HJIH
Goanme HEKOTOPOfA KPHTHYECKOH BEJHYHHH e, Ha3LIBaeMOA 3Hep-
rHefl aKTHBAUMH PEaKLHH.

YHcno N aKTHBHHX MOJIEKY/A JIErKO MOXET OHTb MNOACYHTEHO
NpH NOMOIH 3akoHa pacnpeaeseHuss Boabumana. CoraacHo sTomy
3aKOHY, OCHOBAHHOMY Ha OGIIHX NMPHHUHNAX TEPMOAHHAMHKH, YHCJIO
yactHn N, o6aasamowux sHeprued, paBHOA HaH Goablluef e, COCTaB-
ager:

N=N,-e— &, ©)

rae N,—obuee 4yHC/I0 4acTHLU, R-—ra3oBasg NOCTOAHHAf, a €—OCHO-
BaHHe HaTypaabHHX JorapHupmoB. Kak BHAHO H3 ¢opmyan (5),
YHCIO PEAKUHOHHOCNOCOOGHHX 4YacTHIl BO3pPacTaeT C YyBEJAHYEHHEM
TeMNepaTtypu No 9KCNOHEHLHAJbHOMY 3aKOHY.

[ToHsATHO, YTO 3HEPrHA aKTHBAIHH & NPEACTaB/aAsSeT COGOH CyMMy

9HEeprHH.

e=2, + e, (6)
rae e4 H eg — 3HEepPrud yactiu A W B, BcTynalouiux BO B3aHMoOAeit-
ctede. CoraacHo 3akoHy Boabumana,

’

Na=N,, -e )

rae Ny u Ny —uucaa aktuBuux vactuiL A U B, a Ny, u Nyy — 06-

UlHe KOJHYeCcTBa yacTuu, A u B.
[TonsiTHO naznee, 4TO 4HCAO 3pPeKTHBHHX COyAapeHHf mponop-
UHOHANBHO NMPOU3IBEACHHIO YHCEJN AKTHBHHBIX YAaCTHIL:

Z=K,-Na -Ns. 8)
-Ilpuaumas Bo BHHMauHe dopmyaun (4, 7 H 8), Hmeem
—4/'RT e——tB/RT

H Ny=Nyz-e

V=K-K;-Ny, - Nopg + € )]

[punumas Bo BHuManue dpopmyay (6) u o6o3nauans P=K-K, Ny, Ny
noayuaem

v=P.e""RT, (10)

Jlorapupmuposanue dopmyaun (10) paer:

€

RT

U3 conocraBaenns (2 u 11) nousaTHo, 4ytO

(11)

Inv=In P—

A=lnP,aB$-1%-. (12)

YpasHeHne Appennyca rpadHyeckd BHpPa)aeTcsd NPAMON JHHHER
B NPAMOYroJbHOA CHCTEME KOOPAMHAT, €C/JH MO OCH a6CUHCC OTKJa-
AHBaTh BeaHYHHH 1/7, a no ocH opaHHAT BeJHYHHH In ©v. Kon-
CTaHTa B YHC/NEHHO paBHa TaHreHCY yraa HAaKJIOHA mnPsAMON Hajg
ocpio abcuucc. 3nas B, nerko Ha#iTH ¢ npu momomwu dopMyaw (12).
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BO3MOXEH TAKXe aHAJIHTHUECKHH cmocob onpeneeHus 3HEPTUH 2.
Ucxoas u3 dopmyan (10), HanucaB COOTBETCTBYIOULHE BbIPAKEHHA
aas temnepatyp 7T, u T, u no.aaras, uto P He 3aBHCHT OT TeMme-

paTyphl (B 1€ACTBUTEIBHOCTH P H3MEHAETCs 1IPONOPUHOHAbHO VT,
HO 3TO W3MeHEHHEe HEe3HAYHTEJAbHO M IPH He6oabuioM HuTepBane AT
UM MOXHO mnpeHe6peub), 1oc.ae JorapupMupoBanus, mnepexona ot
HATYpaJbHBIX J0TaDHOMOB K AECATHUYHBLIM, BHIYMTAHHA H3 60.blueH
BeJHYHHB MeHblel H aare6paHueckux npeo6pa3oBaHHil MH MOJAY-

YHUM:
3=M . ]g&.
T,—T, v,

rae v, H U,—CKOPOCTH NpPH TeMiuepaTypax T, u T..
BuueckasaHHoe OTHOCHTCH K Ac60H XHMHUeCKOH peaKuHH, B TOM
yucne K peakuHu ¢otorpapuuecKkoro mnposiBJIeHHS. B nocaeanem
cayuae noA yacTHuamu A H B caedyeT MOHMUMAaTh MOJEKYJH (HAH
MOHB) MPOSBJAAIOLIEr0o BeUleCTBAa H YaCTHUH rajJoreHH1a cepebpa.
To 06CTOATEABCTBO, YTO UYACTHUH NPOABJAKIEro BelecTsa noa-
BHXKHB, a TajJorenui cepe6pa B BHAe 3MY/IbCHOHHHX 3epeH 3akpen-
Jen B OMpeleeHHBX MeCTax 3MyJabCHOHHOrO CJOf, HE MEHAET
MCXOAHBIX pacCyXAenuHf u TeopHsi 3PPexTHBHBIX coyaapeHH# oc-
TaeTCl B CHJe. MeToauueckoe 3aTpydHeHHE B 3TOM cCiayuae (xkak u
BO MHOTMX APYFHX CJYYafiX XHMHUYECKOH KHHETHKH TeTepOreHHHIX
peakunf) 3aKai04aeTCs B TOM, YTO CKOPOCTb PEAKUHH MOXET pery-
JHPOBATbCS HE TOJbKO YHCAOM 3(pdeKTHBHHX CoyaapeHHH, a Tak-
Ke CKOPOCTBIO IOCTYILIeHHS, T. €. CKOPOCTbIO Anddy3HH YacTHL
NPOSAB.IAIOIETO BeUeCTBA K MECTy peaKuuH. ITOT H HEKOTOPHE
ApYyrHe MEeTOAHYeCKHe BOMNPOCH, CBA3AHHLIE CO caenudukoil peax-
uuu B dororpadHuecKOM Ca0€, PACCMOTPEHH HHXKE, B pa3jieax 5—9.

' (13)

3. ®opmyna, cBA3biBalollan BEAHYHHbH SHEPrHH AKTHBALHH
NpoOABACHHA H CTENEHH n36HpaTeabHOro NeACTBHA MPOSABHTEIR

Kak 6bl10 yKa3aHo Bhuie (CM. pasiea l), corjlaCHO HaWHM NpeA-
CTaBJeHHAM, H36HpaTebioe AeiiCTBHE HposBHTE eA Ha tdotorpadu-
yeCkHe CJ0H 06YyCJOB/AEHO GoJee HH3KOH sHeprHed akTHBAaUHH BOC-
CTaHOBJEHHS cepebpa 3KCIOHHPOBAHHBIX 3MYJ/bCHOHHHX 3€peH TOo
CpaBHEHHMIO C BOCCTAHOBJIeHHeM cepe6pa NpH NPOABJEHHH BYaJH.
JlpyruMH CJAOBaMH, MH [0.]araem, 4TO NPH NMPOYMX PABHHX yCJ]0-
BHAX H3OHpaTe.1bHOE JAeHCTBHUE nposiBUTenel Tem OGoJplue, UeM
60 blile 3HEPrHs aKTHBAUHH 1IPOSABJIEHHA BYaJ/H (s,). [1pu HexoTOpOH
Ke MOCTOSAHHON BeJHYHHE &, H3GMpaTeabHOE NEACTBHE nposiBUTEAEH
TeM 60oablie, YeM MEHbIUEe 3HepPrus aKTHBAIlHH MNPOABJEHHA ONTH-
yeCcKHX INJOTHOCTell H3o6paxenus (g). HMcxoass H3 3TOro, MOXHO
NPeANO.T0KHTb, YTO CTENEeHb H3GHUPATEAbHOrO NEHCTBHS NMPOABHTE/A
(U) 6yret Tem Goabuie, yeM 6oablue Pa3HOCTh Bz BeJHUHH & H &:

Ae=¢,—c¢, (14)
Caea0BaTeNbHO, CymecTByeT QyHKuHOHAJIbHAR 3aBHCHMOCTL
U = f(&q). (15)

I KOAMYeCTBEHHOH XapaKkTepHCTHKH H3GHpPaTeJbHOrO nencT-
BHA mposBHTe.efl Ha PpoTorpaduyecKHe Ca0H 610 BBeAeHo [1,2, 3]
MOHATHE ,CTelleHb HM30HpaTe/bHOro AeHCTBHA® MNPOABHTENHA, HJH,
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COKpallleHHO, ,CeNeKTHBHOCTL mnpoas.aeHds“. [lockoabky HibGHpa-
TeJbHHHA XapakTep 1HPOABaeHHA 006yc.aoBJeH 60JbluedH CKOPOCThIO
NPOSABJIEHAA ONTHYECKHX IJOTHOCTEH H300paMeHHs Ha 3KCHOHHPO-
BAHHLIX YyuYaCTKax CJOf MO CPABHEHHIO C HPOHB.JIEHHEM OINTHYECKHX
NJOTHOCTEH ByaJsH, AJA KOJIHYECTBEHHOIO BHIPAXKEHHH CEJICKTHBHO-
CTH UPOABJIEHHH 1eNeCo06pa3HO 6MJA0 .B3ATH OTHOUICHHE CKOPOCTEH
NposiBJEHUS H306paKeHHS M ByaaH. B COOTBCUTCTHHH C 3THM CeJaek-
THBHOCTb nposisaenns U Guaa BupaxeHa CJaelyIOIHM 00Pa3oM:

U=K-2, (16)
v’ "

rie K — xospduuuenT uponopuHoHa.IbHOCTH, a U; H U, — CKOPOCTH

NPOSIB/IEHHSA ONTHYCCKHX ILIOTHOCTEH H306paMeHHH H ByaaH.

B Tex cayuasx, korna v, > v, B lpolecCe HPONBJCHHA YBeJH-
YMBAECTCHA Pa3HoOCTb Mex1y BeJHYHHAMH ONTHYECKHX ILIOTHOCTEH
Hao6paxenns (D) u syaau (D)), 1. e. NpOsiBHTE.Th PaboTaeT H3GH-
pateabho. [lpn v,= H3bHpaTeabHOe 1eACTBHE 1POABUTENR Ha
doTorpadpHyeckus CJIO‘ PaBHO HY.110, & IPH V, <V, CEJCKTHBHOCTb
NPOABJEHHSA, OYEBHAHO, MEPeXOJHT H3 06/aCTH NOJOXKHTEJAbHBX
B 00641aCTb OTPHUATENbHHX 3HAYEHHH.

[Toapsysace ¢popmyaoit (16), HaZo HOMHHTh, YTO HPOMBJICHHE 1IPO-
TexaeT H36HpaTeabHo (v; - v,) npu U > K; HeH3bHpaTeabHO (vi=1v))
nposisneHHe nporekaet upd U =K H, HAKOHel, NPOSABJEHHE NPO-
TekaeT ,06palleHHO*, ByaJb HapacTtaeT O6HiCTpee, YeM MNJOTHOCTH
u3o6paxenns, (v, - v,) npu UK.

Ons Toro, uto6H cBA3aTh B eAHHYI (HOPMY.1ly BeJHUHHH Ce-
AeKTHBHOCTH (U) M 3nepruH aKTHBAaUMH (g), HAlHWIEM BhIpaXKeHHS
Anst ckopocrtedt v, U v, Mcxoas us ¢popmyanm (10), Hmeem

v,=Pe WRT, (17)
v,=P,e oy RT (17a)

[lpenskcnoHeHUHa/IbHBIE MHOMXKHTE/NH, Kak OyleT MNOKa3aHO HHKe
(pa3nen 4), aMwWb B pPEAKHX CJAYy4YauX pasHbl. B 6GoapliMHCcTBE Xe
cayyaeB P, < P,

IMoacrasassa Bupawenus (17 u 17a) 8 popmyay (16), Mu noayuum:

U=k =k. P e7jf (18)
v, P,

Buipaxenne (18) — uckoMass ¢opmyaa, CBA3LIBAKILANA CTENeHb H36GH-
paTeNbHOrO ACHCTHBHA [IPOSBHTEJA H BC.IMYHHB 3H¢PTHH aKTHBAUHH
uposaenusn. U3 ¢opmyan (18) BHAHO, YTO NPH NPOYHX PaBHLIX
YCAOBHAX CEJEKTHBHOCTL NHPOSBJEHHH [10JAKHA OHThL TeM 6GoJblle,
yem 60ablie Pa3nOCTh BEJAHYHH 3SHEPIHH AKTHBAIHH 1IPOSBJCHHSA
ByaJu H H300paxeHus (ds -5, —¢g;. O1nako, KaKk BHAHO U3 dop-
myan (18), ceaexkTHBHOCTL nposis.enus (U) 3aBHCHT He TOJAbLKO OT
Pa3HOCTH Ae, HO TAKAKE H OT OTHOIUCHHA Be.MuHH P, u P,

4. O630p aKTOpPOB, OT KOTOPHIX 3aBHCHT SHEPrHA
aKTHBALHH NPOABACHHA

B peakunn BoccTaHoBieHHs cepebGpa B npouecce NPORB.IEHHS,
KaK BHAHO M3 ypaBHeHHs (1), y4acTByOT no MeHblieill Mepe ABa
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BeWecTBa: HOHW Ag+ H HOHH (HJAH MOJIEKy/H) NPOAB/AIOUIErO Be-
mectBa. B cooTBETCTBH C 3THM, BO3MOXHO, YTO IHEPrHA aKTHBAUHH
BOCCTaHOBJeHHs Cepebpa GyaeT HAXOAHTLCH B 3aBHCHMOCTH OT 3Hep-
reTHYeCKOro COCTOAHHS KaK MOHOB Ag', Tak H HOHOB (HJIH MOJEKY )
1poABAAIONIEerO BelllecTna.

BoccranaBanBaembnie HoHb Agt MOryT 6LiTh B cBO6OJHOM COCTOS-
HHH B pacTBope (CBOGO1HOE COCTOAAHHE H 31€Ch, KOHEYHO, OTOCH-
TeABHO, IIOCKOJbKY HOHBW B pacTBope ruapatHpoBaubl). Ho HOHB
Ag* MOryT 0CTaBaThCs BK.IIOUCIHBIMH B KPHCTAN/HYECKYIO pelueTKy
rajoreHuaa cepeépa H B 3TOM Cjydyae MOXeT 1O0TPe6oBATHCA HHaAR
3HEPIHsl AKTHBAUMH, YeM [IPDH BOCCTAHOB/EHHH cepebpa H3 pacTBopa.
MoxHo NpealoNOKUTL Aajee, YTO IHEPrHA AKTHBALHH BOCCTAHOB-
JeHHA cepebpa H3 KPHCTAJINHYECKHX PEIIETOK Pa3AHYHBIX rajore-
nuaoB (AgCl, AgBr, Agl) 6yaer pasauuHoil, Tak Kax HOHH Ag* B
Pa3NHYHBIX KPHCTAJHYECKHX pelleTkax OyayT HaXOAHTbCA B pas-
AHYHHX 3HEPTeTHYeCKHX cocToAHHAX. Ho W B mnpesenax oaHoro
THIIA KPHCTAJJIHYECKOR pelleTKH SHEePreTHYeCKoe COCTOAHHE HOHHOH
peuleTKH HEeH1eaAbHBHX KPHCTAJJOB MOXeT OHTh Pa3NHYHBIM B 3a-
BHCHMOCTH OT HaJHM4YHA LIPHMECHHIX LEHTPOB, OT TeX HJAH APYrHX
nedpeKTOB peleTkH H T. A. MOKHO 1peABHAETb TaxKkKe MHOrue
Apyrue (akTopbl, H3MEHSIOUHEe 3HepreTHYeCKoe COCTOAHHE HOHOB
Ag* ® oka3sHBawlHe BIHAHHE HA 3HEPTHIO AKTHBAUMH PacCMATpHBae-
MOH peaklHH.

Mu Bnpase oXH1aTh, YTO COCTOSIHME APYroro BellecTBa, y4acT-
BYIOUETO B peaKilMH, T. €. COCTOAHHE YaCTHL MNPOABJAIOUIErO Be-
UeCTBA, TaKXe JOJ/OKHO OKa3nBaTb BJHAHHE Ha SHEPTHIO aKTHBAUHH
BOCCTaHOBJEeHHA cepebpa. OCOGEHHOCTH 3HEPreTHYECKOro COCTOf-
HuA Red— (ypasuenue 1) Moryr GuTb CBf3aHH C Pa3AHYHOH XHMH-
YeCKOA CTPYKTYpo#H BoccTaHoBHTeaef. Ce0BaTeNbHO, €CTECTBEHHO
OXHAaTh, YTO IIPH pPaboTe C Pa3HBIMH TPOABJAAIHMH BEIeCTBAMH
notpebyercs pa3aH4yHas IHEPrHA AKTHBALLHM PEaKUHH NPOSBJECHHS.
OaHako pa3sNH4YMA 3HEPrHH aKTHBAUHMM BO3MOXKHH H NPH HCNOJb3O-
BaliMM OJHOrO H TOTO K€ MPOABJAIOUIEI0 BElleCTBa, €CJH OHO Ha-
XOAHTCH B pPAa3/JHYHHIX 3HEPreTHYeCKHX COCTOAHHAX, HaNpPHMep B
HOHHOM H.H B MOJEKYJAPHOM COCTOIHHH, B 3aBHCHMocTH ot pH
pacTBopa. Aacop6uHus NpoOSiBAAIOUIErO BEULECTBA HA TaJOHAHOM HJH
MeTanH4YeCKoM cepebpe, B CBOI0 Ouepejlb, MOXET H3MEHHTb 3Hep-
THIO AKTHBALUHH peaKUHH NPOABJEHHS.

Ilpyrue coctaBHbe YacTH MPOSBHTEJAS, IOMHMO MNPOSBARAIOULIETrO
BElleCTBA, TaKXe MOTryT OKa3biBaTh BJAMAHHE HA 3HEPTHIO aKTHBALHH
NPOHBJAECHHA, NOCKOJbKY OHH B TO# HJAH APYro# CTENEHH MOryT
B.IHATH Ha COCTOfHMEe kKak Ag', tak W Red—. Tak, Hanpumep, Hame-
Hende pH, Kak vxe 60 yKa3ano, MOXeT MEHATh COCTOsSHHe Red-—;
coaepXanHe cyabQHUTA HATPHS B 1IPOSABHTEE B KAKOH-TO CTENeHH
CKA3LBACTCH HA PACTBOPHMOCTH raJaoreHHjia cepeGpa; Ha.iHuHe 6po-
MHCTOI'O KaaHsi B LIDOSIBHTE e MOXeT, C OAHOA CTOPOHH, CO31aBaTh
3HCPIETHUECKHIT 6apbep B pedyabTaTe aacop6UHH HOHOB 6poMa Ha
HOKEPXHOCTH raforeHnaa cepebpa H, ¢ Apyroft CTOPOHH, H3MEHATH
ero pactBopumocTth, Haxoasumecs B pactBope HOHH cepe6pa MOryT
B3aHMOLEHCTBOBATH C COCTABHBIMH 4acTAMH nposBurens (¢ cyabdu-
TOM HATPHA, C IPOTHBOBYA/JHPYIOIHM BeILIECTBOM H Ap.), o6pasys
KoMIlJ1eKcHbe coaM, HanpuMmep THna K [AgBr,], 3neprus axtuBauuu
BOCCTAHOBJGHHA KOTOPHIX MOXET OLIThb HHOMN, YeM y CBOGOAHKX
HAH BKJIIOYEHHHX B KPHCTaJJHYECKYyIO pelleTKy HOHOB Agt.
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Buiuien3noxkenHoe onpenensieT HanpaBJAeHHA Hallero HccJaeapoBa-
Huf. CyleCTBEHHO MPH 3TOM YTOYHHTb HEKOTOpHE METOAHYECKHt
BOIPOCH ONpeneNeHHA 3HePrHH aKkTHBAUHH ¢oTorpaduuyeckoro npo-
ABJeHus. [Jeno B ToM, 4uTo npu paboTe He C MOJEJbHHIMH, a C pu-
aJibHHMH QoTorpapHueCKMMH CJAOAMH MB HMEEM JEeJ0 C BeChbMi
CAOXHBIMH TreTeporeHHHMH cucteMaMH. CKOPOCTb peaklUHH HPOsAB
JIEHHAi B HHX 3aBHCHT HE TOJbKO OT CKOPOCTH XHMHUYECKOrO B3aHMO-
AeACTBHA MO.JEKYA (MAH HOHOB) IPOSABJSAIOIIErO BEILECTBA C rano-
reHnaoM cepebpa, HO H OT HEKOTOPHX 106OYHHX (akTOpOB, B YacT-
HOCTH OT CKOPOCTH AHG}(PY3HH B CJO€ COCTABHHX uacTeH INPOABH
TeJsi M NPOAYKTOB ero okucieHHsi. [TOHATHO, YTO NPH yKA3aHHBIN
06CTOATEALCTBAX MOTYT BO3HHKHYTh COMHEHHA B TOM, 4YTO BeJH
YHHB 3HEPTrHH, BHIYHCAAEMBIE H3 IMIIMPHYECKH ONPELENAEMBIX TeM-
nepaTypHuX Ko3apPHIHEHTOB NPOsiBACHH (OTOrpaPHYECKHX CJOEB,
AEeACTBHTEAbHO NPEACTABAAIOT COOON 3IHEPrHI0 AKTHBALHH PEaKUHH
BOCCTAHOBJIEHHSl TaJoreHuja cepe6pa NpoOsBHTENEM, a HE KakHe-TO
ApyrHe, MOXeT ObiTb Aaxe C.aydaiiHbie, BEeJHYHHH. 3TH METOJAHYE
CKHe BONPOCH paccMaTpHBAlTCA HHXe B pa3aenax 5—9. Kak Gynet
BHAHO H3 Ja/bHeHIlero H3JOXEHHHA, MH, OCHOBHIBAAICh Ha 3KCMEpH-
MEHTAJbHLIX MaTepHanax, NPHXOAHM K BHIBOAY, YTO NPHHATAA HaMH
METOAHKA AEHCTBHTE/JAbHO AAET BEJIHYHHH I3HEPrHH aKTHBAUHH ¢o
TOrpadHyYecKkoro nNposBJeHHs, XOTA H C HEKOTOPLIMH OTPAHHYEHHAMMK
(cMm. pa3aea 9).

5. UccaenoBanue NMOAYHHACMOCTH KHHETHKH MpPOSBAEHHS
doTorpadHuecKHX CA10€B YPaBHEHHIO AppeHHyCa

C MeTOAMYECKOA CTOPOHL HEOGXOAHMO Npexae BCEero pacCM
TPETb BOMNPOC O MOAYHHAEMOCTH KHHETHKH NpPOsBJAeHHA GoTOorpadh
YEeCKHX CJIOEB YpaBHEHHIO AppenHyca, MNOCKOJbKY OIpeaeaeHH
3HEPrHH AKTHBALMH BO3MOXHO JIHIIb AJS TeX TPOLECCOB, KOTOPLI
CAeAYI0T 3TOMY 3aKOHY.

B aurtepaType HeoaHOKpaTHO yKa3biBaaoch [4—13], 4TO KHHETHK
nposiBieHHs ¢oTorpad@HYECKHX CJIOEB B HHTEPBaJe OOGBYHO MPHM:
HAEMBIX TEMIIEPATyp B AOCTATOYHOM CTENCHH COOTBETCTBYeT 3aKOH
Appennyca. Hauunasg namy pa6oTy, Mbl CYHTAJH AOKHBIM HCCH:
A0BaTb 3TOT BOMNPOC 3aHOBO, IPHMEHHTEJhHO K TeM CJAOfAM, € K
TOPHMH MB paGoTaJiu.

B nawux onnitax BO Bcex cayudasx 6wni.ra o6HapyxXeHa XOpolua
NOAYHHAEMOCTb KHHETHKH IpoABJc¢HHA ¢oTorpadpuyeckux cJaoe
3akoHy Appenuyca. Ha puc. 1 m¥'2 aaubl npumeps, HAMIOCTPHPYF
mHe 3T0 06CTOATENBCTBO. 34eCh 110 OCH a6CLUHUCC OTJOXKEHH Beah
yuubl 1.7, ymMHOKeHHBle HA 10° B weasx yao6CrBa YHCJAOBOIO Bh
paxenuss seadduH. [lo ocH opAHHAT OT/NIOKEHB BeAHUYMHH 2-41g 1
rae cJjaraeMoce 2 B3ATO TaKXe B lLeJadX yA06CTBa YHCJOBOrO BHpa
KMEHHA BeJHUHH, 3HAYEHHS CKOPOCTH U BHIPAXEHH BeJAHYHHAME
o6paTHLIMH BpeMeHH £, HeO6XOAHMOMY AJA AOCTHXEHHS 3aJaHHO.
ontuyeckoft naotHoctH D. Puc. 1a ¥ 16 OTHOCATCH K 1IPOABJACHH!
HeraTHBHOM KHHON.1eHKH AM, a puc. 2a U 20 — K 1HPOSIBJECHHIO It
SHTHBHOA KuHomienku M3. Puc. la W 2a BHpaxawT oOTHOUIEHH
PH NPOSBAEHHH OUTHYECKHX IJIOTHOCTEH ByaaH (Dy), a puc. 16
26 -npH NPOAB.ICHUH OUTHYECKHX IIJOTHOCTEMH uaoGpameuuﬂ D
ACKAMMAX B CPLilHed YACTH XapaKTepHCTHYECKOH KPHBON.
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Kak BMIHO H3 npHBeAeHHbX rpadHkoB (puc. 1 H 2), B HCccAeno-
BAHHOM HHTepBaJe TeMuepatyp (oT 5 a0 25°C) akcnepHMeHTalb-
HBl@ TOYKH XOPOUIO JIOXKATCH Ha lpAMbie. IT0 06CTOATEAbCTBO AAeT
BO3MOXHOCTb B psije CJAy4yaeB OIpPaHHYMTbCH ABYMS TOYKAMH, T. €.
IIPOBOAHTL BHYHCJNEHHE JHEPTHH €& MO pe3y.abTaTaMm onpejeeHHs
CKOPOCTH 1POSAB.IEHHA TO.IbKO NPH ABYX TeMmuepatypax T, u T, Bce
3TO 1103BOJIHAO BHIBECTH IPHBEIEHHYIO BHIne dopmyay (13).

2-4/(1/t)

35 w 347 i () T

”

Puc. 1. ITogunnseMocTb KHHETHKH NPOABAENHA HETAaTHBHOA KHuonaenku AM
ypaBheruio Appeinyca
a. flpoasaeHne ONTHYECKHX NAOTHOCTER ByRaK (Dj\.

. OGO3IHAYEHNHN NMPpAMYMI:
| I.D; =02 2.D;~03. 3.Dy=~04. 4.D;=05.

6. TIposBACHHE OMYHUECKHX NAOTHOCTER H30BpaAkeHns (D‘.).

O6osHaveHnHe NPAMMEK;
1.D;=085. 2.D;=08. 3.D; =10. 4. D, = 12.

f. Cnoco6bi BHIPAXKEHH CKOPOCTH H SHEPrNS AKTHBALUKH NPOABACHHS

[IpH BHIUHCAEHHH IHEPTHH AKTHBAIIHH IIPOABJEHHS CYILECTBEHHHM
fBJAETCA Takxke BOMNPOC, KAKUM 0O0pa3oM BLIpakaTh CKOPOCTH (V)
npounecca nuposisaeHus. B kaacchueckoit dopme 3akoH AppeHuyca
3auMcbiBaeTcs B BHAe GopMyanl (3), T. €. NPH BHYHCJACHHAX 3HEPrHH
dKTHBALLHK HCIIOJB3YIOT KOHCTaHTH (K) ckopocru peakuud. QAHako,
NPHMCHHUTCALHO K (OTOrpaHYeCcKOMy IPOABJICHHIW, 34eChb BO3HH-
' KdaeT TO CyleCTBEHHOE 3aTpPyJAHEHHE, YTO Ha MNpaKTHKE He BCeraa
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yAaeTCs HaiTH KUHETHUECKHA 3aKOH, yJOBJETBOPHTEALHO BHPAXKAIG-
UlMA AEHCTBHTEAbHBIA X0 NMPOABJIEHHA, H OLHO3HAUHOE HAXOXAEHHE
KOHCTAHT CKOPOCTHYNPORAB.JICHHH CTAHOBHTCS TMOUYTH HCBO3MOXHHM.
[lo3TOMY HCCMeA0BaTEeAH, KaK OTEYeCTBEHHLIE, TaK H 3apybemuble,
npH onpeileseHHH BEAHUYHH & 3auacTyio, BMeCTO HCII0.1b30BanHs

?'l’ fye)

?‘[y/f”/

20

-

is T 17 15 WY 1% ] 1% 19 177
. 5

Pue. 2. 1loauunsgeMocTh KHHCTHKH UDOMBACIHA HOZHTHBION Kunoudenkn M3
ypasuenrio Appenuyca.
a. |lposBaenne ONTHYCCKHX NJOTHOCTCH BYAaM ([)/i.

OO0U3HAYCHHE APHMBX
1.D 02D, 02 gD 0 R A P

! /
6. TIpoaBACHHE ONTHUCCKUX 1LI0THOCTeH o hipakenny (I)‘\.
OO0 4Ha T HRE HPRNMHN.
LD, o5 2. D Lo, 5. D Lo LD 20
l i : i

KOHCTAHT CKOPOCTH PUAKUHH, BLIPAKAIML CROPOCTH U APYIHMH ClO-
coGami. Yaule BCero CKOPOCIb ONPeeasiiii KAk BelHuHny, obpar-
VIO BPOMCHH JTOCTHACHHST HEKOTOPOIT 341aHHOI OUTHYCCKOI 1110T-
noctn |3, 6, 7, 100 12,13 u ap.|:

1
—. (19)

r’) const '

V=

JLAeME, HOMHMO 3TOIO, B HEKOTOPHIX cavuasx (Y, 12] ouperasi
CKOPOCTH HPOSBICHHS 10 MAKCHMAJILHOMY TPATHCHTY KpuBo# 1) f,
BbIpaAKAOILEH 3aBHCHMOCTDL OUTHUECKOIN 1IOTHOCTH OT BPCMCHH 1IPO-
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ABJAEHHA. Mu ke B panee Ony6JHKOBaHHWX pa6oTax (15, 16, 17, 18]
BHpaXa/u CKOpPOCTb JHGO dopmyaoi [19), au6o CaenyiowHnM o6pa-

30M:
v=—i_f_g%. (20)

Heo6xoanmo PaccMoTpeTh ipaBOMepHOCTH BBIDAXEHHA CKOPOCTH
U PasHbiMH cnoco6aMmu npu BRIYHCIE€HHAX BEAMYHH s. B HEKOTOpBIX
CAyHasx ypmaercs conocTaBuTh BEAHUHHN &, Bwpaxas CKOpocTH v
BCCMH BhllleYKa3aHHWMH crniocoBamy. Kax yxe oTmeuasoch ORHOA
M3 HawwHx pa6or [19], ‘B HEKOTOPHX cayyanx, npu HCNOAB30BAHHH
MaNOBYaIHpyIOIKX NposiBUTE AEH, NPOSIBJIEHHE ONTHYECKHX NMAOTHO-
CTell H306paXeHHA B OTHOCHTEALHO UIHPOKOM HHTepBase Bpemenu
YAOBJIETBODHTEIBHO CJedyeT YPABHEHHIO CKOPOCTH peakuuu nep-
BOro nopsaka:

D=D,(1—e™"), 21

4TO LaeT BO3MOXHOCTbL BHIYHCIEHHS KOHCTaHT K.

Huxe (ta6anua 1) IPHBE€HH 3KCNEpUMEHTaAbHble pe3yJabTaTth,
OTHOCAILHECA K YeThpeM noao6HuM Cly4YasgM; HCHOJAb30BaHHHe
CBETOUYBCTBHTE/bHRBE MaTEpHAILl H NPOSIBUTEAH YKa3aHm B Ta6-
anue. CrauaapTHee NPOSABHTENH (T THLHHOBLIA U N-aMHHODEHO 0B fi)

BeleHHHEe B Tabauie UHOPH NPeACTaBAAIOT co6oil CpeaHHe BeJH-
IHHH 3HEPrHH aKTHBaUHH, OTHOCALIHECH K TOMy HHTepBaay mnpo-
AOIKHTEbHOCTEH npoaBaeHHs, s Ip€NeNaX KOTOPOrO0 KOHCTaHTH
cvopoctu (K) coxpansam TOCTOSIHHOE 3HaYeHHe (yaue BCEro — B

JICHHA; Ex/t—BeJlH‘{HHbl ¢, BHIYHCJAEHHHE H3 ’U—‘——T; €A— BEJIHYHHHK e,

AD
BHIYHCNEHHHE H3 U= —2

At
Ta6anua 1
Beauyunm SHEPTHH AKTMBAUWH NPONBAEHHN (= KKan/moas), BHYHCACHHBIE

MPH pa3Hbix cnoco6ax Buipamenus CKOPOCTH NPORBACHNS
ONTHYECKHX NAOTHOCTER H306paeHus

CaetonyBeTBHTC b N M
MaTCpHan Mpossurens e € )
= '
Asponaenka tun 10 IlposiButear Ynbucona 19 19 8
Humnoprias asponsenxa Fanunnosui CTaNRapTHLIA 12 12 12
. . lI-aMunodenonosun crangapr. 17 17 16
OreyecTBennay . . . 14 15 15

Kak Buano us Ta6aHub 1, 6niao IOJ1Y4E€HO yROBNETBOPHTE AbHOE
COBNAajeHHE BeNHYHH e npH TPEX PasHLIX CMOCO6axX BHPANEHHS CKO-
POCTH v. [lannoe o6cTostenbeTro BIIO/IHE 3aKOHOMEpPHO, Tak Kak
JIeTKO NOKa3aTh, YTO B TOM Cayyae, Koraa KHHeTHka NpoABACHHS

7%
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NPH HCMOJb3OBAHHHX TEMNEPATypax cleAyeT ypPaBHEHHIO DPeaKitiy
nepsoro nopsinka (ypasHenue 21), 10AKHO HMETh MECTO PABEHCTH!
TeMnepaTypHHX KO3G®(HUHEHTOB a NpH TPEX YKa3dHHBX Cnoco6a
BHPAXKEHHA CKOPOCTH!:

&y =0 =12y . (21“

JleACTBHTEABHO, NYCTL HPOABACHHE NPOBOAHTCH MPH ABYX TeM
nepatypax T, u T, npuueM B KHHETHUYECKHe YPaBHEHHA BXOANT
COOTBETCTBEHHO KOHCTaHTH CKOPOCTH K, n K,. Oana u Ta xe ontH
yeckasi MIOTHOCTb D 6yaeT AOCTHIHYTA lpH MPOAOKHTENLHOCTAN
npossaenun ¢, u ¢, HMcxoasn u3 popMyasl (21), MOXHO HamHCaTh:

D=Dg, (1-¢ “")=D., (1 "), (23)

[Ipunumas BeposiTHOE AONylllenHe, 14TO iipe/ieabHbpe ONTHUYECKHE
naotHoctd (D), COOTBeTCTBYIOULHE JAaHIOM IKCIIO3HILMH [IPDH TEM-

neparypax T, n T, BecbMa 6.au3KH (T. e. IPaKTHUEeCKH Doo,=D(,.u2)-

NOJYUHM: . ]
e it s gmhoh, (24)
OTcloaa TeMiiepaTypHblil KO3QQHUHEHT 2 Oyner paBen
o Ko 6 25)
K, t,

Takum 06pa3oM, Mbl [O.Jyd4aeM OAHY H Ty XK€ pesHYHHYy 2 (a che-
AOBaTeNLHO M €), BHpaxas CKOPOCTH NPOARACHHHA KaK uepe3 KOH-
1

cTanTo K, TaK K uepe3 BEJIHUHHH —-.

TemnepaTypHbiit KO3IPOUUHEHT NPOHBACHHS ay BLIpakaeTCA CJae-
AYIOUHM 00pa3om:
o _AD, _ aD, _ dD,/dt
8=7aD,  dD, dD,jdt’
rae dD.,/dt w dD,/dt — ckOPOCTH 11POSBIEHHHA COOTBETCTBEHHO IIPH
remnepatypax T, u T, Ho

(26)

aD daD,
'—d't—“=K1 (DJ‘,—D) H dt =K2(D7,,'—D)' (27)
Ecau onpene.1aTh CKOpOCTH [lpOﬂBAEHHH IIpH HEeKOTOpOH ONTH-
weckoii naoTHocTH D, To npu ycaosun pasenctsa Do - =D, 6yaem
HMEThb:
Dy —D=D,,— D, (28)
T. €.
K,
ap = —— . (29)
A K]

Conoctapass Bumpaxenus (25 u 29], Mbl yGexaaemcs B crpaBe ANH-
BOCTH paBencrBa [22].

PasencTBo [25] 6ns0 10Ka3aHO MNpH YyCJIOBHH, HTO npeaeanuas
onTHYECKas MJOTHOCTH Do, He MCHHETCA ¢ H3MEHCHHEM TeMmiepa-

Typu. B 1efiCTBHTENBHOCTH Xe Be.HuHNa D 10MKHAQ H3MEHATHCH
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C H3IMEUEHHCM TEMIEPATYPH, HOCKOJILKY 1IPH 3TOM  H3IMEHSCTCS
OKHC.IMTCIHLHO-BOCCTAHOBHTCALHBIT  HMOTCRIHAT HPOABHTEABLIOR  CH-
creMmul. OlHAKO 3TO H3MCHEHHE B Y3KOM HHTEPBAIC TeMmueparyp
BECHMa HC3HAYHTEbHO.

B rex cavuasx, KOria KOHCTAHTBI CKOpoCctH (A). RIYHCICHHLIE
M3 vaera vpaspienns (21]0 8 olce WM MEHCE HIHPOKOM HHTEPBA.IL
HPOLOKHTEILHOCTCI  HPOSBIACHIS  HE  OCTABAJIHCL  1OCTOSIHIBI MY,
MEl CPABHHBAJH BCAHYHHLL 3, Buiupc.retdtple TOJBLKO UpH JABYX ClIO-

1 AD

co0ax BhIpaKCHHSA CKOPOCTH ( =—t— H V== IlpH atoMm, Kak

0Ka3a.1 OGHIHPHLIA IKCHEPHMCHTAIBILI MATepHAT, B GOABIIHHCTBE
cAVHACR HA0TI0AAA0Ch Y IOBJCTBOPHTCILHOE COBUAJCHHE BU.IHUHH

M e, . CooTBETCIBYW0OWMIT npuMep upupolen s Tadamue 2, rae

S|’ A
Jann TeMHCPATYPHLIC KOIDPHUHCHTL % 1 2, . BIMHCICHHEC TIPH
PA3THUHIIX OUTHYECKHX MIOTHOCTHX Byaan (1),) n usobpamcnns (1)
Jadopatopuoil  dororpadHucchoil 3IMYILCHH  (11POL0TKHTEILHOCTD
BTOPOTO CO3peBaHus 2', waca).
Tabanua 2
TemnepaTypHble KOIPPUUHEHTH (1) NPOABAEHHUSA, BLIYHCAEHHbIE

NPH ABYX Pa3HbIX €HOCO6AX BHIPAWEHHS CKOPOCTH NPOABAECHHSA
ONTHYECKHX NJAOTHOCTeH Byaan (f) u n3o6pawenus (i)

()IITH:}("(‘IV\'H.(;_||.'|()Tl|Ul'[H. N K(”()PN,\I OTHOCHTCH BCIHYHIIL X
o ! 0TI K KOTODUN OTHOONTON BEMIIM 2
0.2 00, 06( 08| 10 12| 1] 16 18] 20 22
. : * .
o, o] 58160 { : S N
! 6.1 | 6.1
- 1,0 | 6, 5, — - S I
P ) 1 e
l X i
Ao, Lo = st s 2 | vt 23 23 | 23123
lay 28|25 |25 252523 23] 28023] - | —
[ I

ChaenyeT OTMETHTb, YTO B HCKOTOPHX C.yyasX BEJHUHNE &)+ H
ay (M, CACAOBATE.IbHO, BC.IHUMHBL €1, M %)) COBILIAIOT IJIOXO H
PA3IHYHA JIEKAT 3a NpeleaaMH omuGok onwta. ObGpamasch K JaH-
Tepatype, HaA0 VKazaTh, uto lxemc [12] rakaxe nante’, 4ro BeJiH-
UHHBL &1 ¢ M €y B HEKOTOPHX CAYHasix CORNALANT (HANPHMED NPOAB-
Jense amupooM npy pH =9,45), a B HEKOTOPHIX —3dMCTHO pas3.IH-
yalorcst (manpumep, 1posiBaecHUe MetoaoMm). Ciaelyer OTMeTH1b, BIIPO-
yes, 4TO BEJAHYMHLL %), M £y B pabore [Lkewmca ue Bnogane comno-
CTABHMEL, TAK Kak 3HEPIHs 2, Olpele.seMas 110 MAKCHMAJIBHOMY
yI.ay HAK.JIOHA KpuBoil D f, OTHOCHJIACh, (AKTHYECKH, K ILIOTHO-
ClsiM, CYILCCTBEHHO GOLUIMM, MeM B nepsBoM cayvuae. lxemc cupa-
Be.LIMBO VEashisacr [12]0 1ro BeHUHHB &1, B €O  OUBITAX OTHOCHTCSH
K MILLYy KIHOHHO CTajlMi HIPOSiBICHHN, a BeJIHuHiL sy —K Gojee
HOSAHEH CI1ALHH.

HeTpyHo HOHATH, YTO B OOLLM Ciyyae COBHALeHHE BEJHYHH
e1; M €y NOJAAKHO HMCTb MECTO TOrAd, KOrAa HPH TOA OIITHYECKOH
I.IOTHOCTH, MPH KOTOPOH 3TH BCJAHYHHBI CPABHHBAIOTCA, 1IPOABACHHE
IPH HMCNOJb30BAHHLIX TeMIEpaTypax C.JIelyeT KaKkoMy-TO OAHOMY
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kMHeTHUECKOMY 3akoHy. [ToCKOABKY B MHAYKUHOHHOM NEPHOLE H
6oee NO3AHMX CTaAMAX KMHETHUECKHH 3aKOH NPOAB.ICHHH, HECOM-
HEHHO, Pa3iHueH (B OXHOM CJaydae CKOPOCTL LPOABJEHHA C yBE.H-
yeHHeM BpEMEHH BO3pacTaer, B ApPyroM—najaeT), He yJAHBHTE/IbHO,
gro B onbitax Jlxkemca [12] BeaHUHHH € H ey B pAAe Caydaes HE

COBMajanH Mexjy COOOH.
B HallMX ONMTAX CPABHEHHE BEJHUHH €1 KW 3y BCErAa MPOBOAH-

J1OCb 1IPpH OLUHAKOBLIX OITHYECKHX [IJOTHOCTHAX, T, €. MNPH OAHHA-
KOBOil CTeneHH upOosBJAEHHUs, H, KaK YXC 610 YyKazaHo, B 60.ab-
IIHHCTBE CAydYaeB Ha6.i04anoCchb YyAO0BJIETBOPHTEALHOE coBllajeHHe
3THX BeJHUYHH.

CneayeT OTMETHTb TaKxe, 4TO, BHpaxas CKOPOCTH U BEJIHYH-
Hamu 1 f, HEOOXOAHMO YHUHTHIBATH HHAYKUHOHHKE NEPHO.1HI t,. B npo-
THBHOM C.Jyu4ae COBIIaJ€HHE BEAHYHH 2 NpH PA3HEIX croco6ax BH-
paxeHus v He npousoiiaer. OAHAKO, €C.TH B nNposiBUTeJIe HET Mpo-
THBOBYAIHPYIOUHX HMAH APYTHX BEUIECTB, CHJIBHO 3aMe JAAI0LHX
nposiBJEHHE, BEJHYHHH f, HaCcTOJbKO MajH, HTO npeHe6pexeHue
MMM He TNPHBOAHT K OLLyTHMHM OLIHGKAM.

PesioMHpysi COAEpKanue 3TOTO pas3jend, Mbl BIPABE caenathb
BLIBOJA, YTO OlNpEAeNeHHs 3HEepPrMH AKTHBAUWH NPOsBJIEHHA (e) npH
TpeX pPacCMOTPEHHBIX cnoco6ax BHpaxeHus ckopocT (v) AaioT B
6ONbIIMHCTBE CAYYaeB yAOBAETBOPHTEJIbHO COBIALAIOLIHE DE3y.b-
tath. C 3TOH TOYKH 3peHus, BHOOD cnocoGa BHPaXeHHA CKOPOCTH
B NpHHUHKNE, Ka3aJloCb OH, 6espasanueH. OLHAKO B MPAKTHUECKOM
OTHOIIEHHH 1Ipollle H y100HEe CKOPOCTH U BBIpAXaTb 4Yepes3 1/¢, Tak
KaK onpejesieHHe BPEeMeHH JNOCTHXCHHA 3a1aHHO# ONTHYECKOH MJOT-
HOCTH HajeXHee HaXOXAeHHs KacaTeJbHOM B TOUKE kpusoit D—¢,
COOTBETCTBYIOILEH 3daHHO! ONTHUECKOH IJIOTHOCTH. [Mo3sToMy HHKeE,
B 3TOH CTaTbe, BO BCEX CAyyasAX, KPOMe CIEUHANLHO OrOBOPEHHHX,

BeJHYHHB & BHIYHCJEHH HCXOAfl H3 'U=—;— .

7. Audpcdy3HoHHbIE SBAEHHS B ¢dotorpaduyeckom caoe
M 9Heprusl AKTHBAUHH MPOABACHHA

Xopoiuo H3BECTHO, 4TO CKOPOCTL NPOABJEHHA B 3HAYUTEAbHOM
CTeMeHH 3aBHCHT OT AH(PQPY3HOHHBIX HABJIEHHH B dotorpaduueCKOM
CN0e CKOPOCTH MOCTYIJACHHA POSBHTENS K MeCTy pEaKlHH H CKO-
POCTH YJAA.EHHA NPOLYKTOB pedKILMU OT MECTa HX O6GpPa3oBAHAS.
Pa6oTh psaa HccaeloBateaed BecbMa y6e1HTe 1bHO 10Ka3a. i 3aBH-
CHMOCTh CKOPOCTH NPOSIB.IEHHA OT TaKHX daKTOpPOB, KaK CTeneHb
HepeMelIHBalHs LIPOSIBHTENSA, €r0 BA3KOCTh, CTENEHD paspyiieHus
MOrPaHIHOTO CJIOSi HA TOBEPXHOCTH nposBaseMoi MJACHKH H Ap.
(cm., nanpumep, [20]). H3sectHo [21], 4TO OAHHM H3 BECbMa BAKHBIX
IPHHILHIOR GHICTPHIX H CBepXOBICTPLIX CNOCOGOB o6pa6oTku ¢oro-
rpadHueCKHX MaTepPHa.10B CayxaT CpeaCTBa, yCKopsiollne Andpoy-
3MI0 06paGaTHBA0IMX PACTBOPOR B HPOABIAEMOM CAOE. B cBa3u
¢ TeM, YTO CKOPOCTb MPOABJIEHHA B 3HAYMTE/ILHOA CTENEHH 3ABHCHT i
oT Audpdy3uH NPOABHTENS U HIPOLYKTOB €I0 OKHCIEHHSH, B MEeTOH-
4YeCKOM OTHOIIEHHMH BeCbMa BaXHO paccMOTpeTh BONPOC, B KaKOH
CTelIeHH 3HePrHs AKTHBALHH NPOSABJECHHUA (2) 3aBucur ot AHQDY3H-
OHHBIX ABJeHH#l B ¢oTorpadHueckoM CJoe.
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C ueablo HCCAE1OBAHHA 3TOrO BONPOCA Mbl BHINOJHHJIH HECKOJbKO
CEPHA ONBITOB Ompe/eNeHHss 3HEPTHH AKTHBALUM €, MCHss CKOpPOCTh
MPOAB.ICHHA NYTEM H3MEHEHHS CKOPOCTH AHDPY3HOHHBIX npoiuec-
CoB. lOCTHranoch 3TO Pa3aHUHBIMH CIIOCOBAMH: 1) cuabHBIM 3a1y6-
/AHBANHEM 3MYALCHOHHOrO CJ0f1 (MyTeM BBeJAeHHN aleTaTa Xxpoma
B 3MVALCHIO), 2) U3MEHEHHEM CTENEeHH MepeMeUHBaHHs nposABJAIO-
lero pacrsopa B npouecce NPOABJEHHS H 3) yBe.IHYeHHEM BHA3KO-
CTH IIPOSIBUTE.IA 1YTEM BBEACHHA B HEro GOAbUIMX KOJIHYECTB Ca-
X4apa H.JH TJHOKO3HL.

3any6.iHBaHHE 3MYbCHOHHOIO CJ0 NPHBOJAMH.10 B HAlllHX ONBITaX
K 3aMel1eHHlo npossienus Gosee uem B noatopa pasa. Oauako
OHO lie¢ CKA3BIBA.10Ch HA BE.IHUMHAX JHEPTHH AKTHUBAILKH NPOABACHHSA
NAK BYaJH, TaKk H H306pakeHHH. AHAJIOTHYUHBME pPe3y. nLTaTH GbiiH
HOAYHUHLL NPH H3MEHEHHH CTCIEHH LIEPCMCIIHBAHKH [IPOABHTENN;
lIpH 1O.THOM OTCYTCTBHH ULEPEMENIHBAHUA [IDOABACHHE 3aMETHO 3a-
MEL.IH.10Cb, HO BEJHUYHIB IHEPrHH AKTHBAUHH NpPOABJAEHHS OCTaBa-
B4.THChH €3 H3MEeHeHHS.

Han6onee 3HauMTebHOE 3aMen.leHHE NPOABACHHS B HAILUX OIlLL-
Tax GWA0 LOCTHTHYTO yBeJHYEHHEM BA3KOCTH NposABASIOLIEr0 PacT-
BOpa B pe3y.1bTaTe BBENEHHS B HEro caxapa HJH TJ1I0KO3b. B Ta6-
7HUe 3 1PHBEAEHB Pe3y.abTaTH OAHOIO M3 ONMWTOB 3TOMH CepHH
(B 3TOH TaGaHLE NOMHMO BEJHYHH &, yKa3aHW 1IPOLOJKHTEAbHOCTH ¢
NPOABACHHS 1O 33JAHHOR ONTHYECKOH NJOTHOCTH NpH TeMnepary-
pax 15 u 25 C).

Kak BuAHO H3 Ta6auum, BBexexue 200 2 caxapa B 1 2 nposBH-
Te il NIPDHBEJO K 3aMEAJIEHHIO NMPOSBJIEHHS NMpHMEpPHO B 2 pasa, a
BreleHne 500 2 caxapa MOHH3HAO CKOPOCTb nposs/aeHHsa 6oJee ueMm
B 6 pa3. ONHAKO BEJHYMHB BSHEPrHH AKTHBALHH NPOABJACHHA OCTa-
AMCh 6e3 H3MEHEeHHS.

AHaaOrHYHbBIE Pe3ynbTaTH GHJH NOJy4eHH TaKkKe HpH NPOAB-
JACHHU QOTOrpadHYECKHX NAACTHHOK C 3MYyJbCHEH, H3TOTOBJAEHHOH
B .1a60paTOPHH M NOJBEPrHYTOH PA3NHYHON CTeneHu BTOPOTro Co-
spesaHus (cM. TaGanuy 4, rae uepes t,, 0603HaYeHA NPOROJIKUTEIb-
HOCTbL BTOPOro co3pesanHsi GoTorpaguueckoll sMyabCHH).

Beeaeune caxapa B nposgHTens B 3TOM oOmmTe IpHBEJIO K 3a-
MCAJNEHHIO NPOSIBACHHSA OT 4 1o 7 pa3 (uposB.eHHE MaablX ONTHYe-
CWHX IUIOTHOCTeH GBIIO 3aMelJIEHO B MeHbUIEH CTEleHH, ueM npo-
HBJICHHE 60.1bIIKX NJIOTHOCTeH).

[loMHMO paccMOTpPeHHHX ONWTOB (tabanum 3 u 4), 664 BLINOA-
WEH PAL APYrHX HMCCIe10BaHMH HA Pa3JHUYHHIX CBETOYYBCTBHTEb-
HHX MaTepHajax (HeraTHBHast KHHOMJIeHKa AM, HO3HTHBHAS KHHO-
HacHKa M3, OTeuecTBeHHLIe a3polieHKH Pa3/IHYHBIX COPTOB M Ap.).
B 6canmmbcTee cayuaes pesy.bTat OblJl OAHH H TOT Xe: yM€Hb-
HIEHHE CKOPOCTH NMPOABJAEHHS, OOYCJIOB/JIEHHOE 3aMeaneHHeM AHd-
(VAHOHNBIX 1POUECCOB, NPAKTHYECKH HE CKA3MBANOCL Ha IHEePTHH
(AN THBAIMA [IposiBAeHAs QoTorpadguyeckux croes. Caeayer oTMe-
HH1h, OHAKO, HTO B OT/Ae/IbHHX CJyuasix Ha6.1104aN0Ch YBeJIHYEHHE
JHUPTHA AKTHBAIWH & B pe3ybTaTe BBeJEHHS Caxapa HJAM CJAOKO3L
W HPOSBUTENb. ITO HMEAO0 MECTO B TeX C.Jy4asix, KOTAa BA3KOCTD
IIPOAHBJAIOLUIETO PACTBOPA CTAHOBM.1ACH OCOGCHHO BBICOKOL (nposisu-
T€JAb CTAHOBHJICA CHPONOOGPA3HLIM); CKOPOCTb NPOSIBJACHHA B 3THX
CAVHadX yMmedwbmanach B 12—15 pas aas Maabix M B 7— 8 pa3 aas
6OAbIUIHX MJIOTHOCTEI.
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CBeTOuYBCTBHTENAbHKA MaTepHaa — asponielka THn 10; npoaButeap Yu6HcoBa; naorHocTh D; OTHOCATCA K BepXHeR uacTH

BaunHNe BBEAECHHN CAXAPA B NPOABHTEAb HA SHEPrHIO AKTHBALUHH H CKOPOCTb NPONBAEHHR

NPAMOAHHEAHOrO0 y49acTKka XapakTepHCTHYECKOA KPHBOR

Ta6anua 3

lo6aBka [TposBaenune [lposaBaenne Byaan [Mposmaenne H3o6paxeHus ‘
K 10 ontHYeckof -
NpOSABHTE1I0 II0THOCTH Dy 0,2 Dy =0,3 Dy;=0,4 Dy=0,5 6 D;-=0,4 D;=0,5 D;=0,8 D;=1,0 '
t (15°) mun 8,0 16,0 22,0 28,0 1,9 2,2 3,4 4,4
be3 106asok t (25°) 2,2 4,2 6,0 6,6 0,9 1,1 1.5 1,8
& KKQA, MOAb 22 23 22 24 13 12 14 15
t (15°) mun 14,8 29,8 37,2 45,9 3,4 4,0 6,4 8,5
200 2 caxapa .
t(25°) . 4,2 8,4 11,0 13,5 1,5 1,8 2,7 3,5
Hal 2
= KKaa/MOAb 21 21 21 21 14 13 15 15
t (15°) mun 52,0 96,0 114.5 157,4 12,5 14,2 20,4 26,0 :
500 2 caxapa '
t (25°) . 14,5 24,5 33,0 42,5 5,9 7,0 8,9 10,8
Ha l »a
: KKQA[MOADL 22 23 21 22 14 12 14 15

Declassified in Part - Sanitized Copy Approved for Release 2011/11/15 : CIA-RDP80T00246A063100080001-2



Declassified in Part - Sanitized Copy Approved for Release 2011/11/15 : CIA-RDP80T00246A063100080001-2

CBETOUYBCTBHTEAbHMA MATEDHA1—Xa60paTOPHLE GOTONAACTHHKH C IMYIAbCHER, NOABEPrHYTOA PAa3AHYHOR CTENEHH BTOPOro CO3peBaHHA;

BaAsSHHE BBEieHHS CaXapa B NPOSNBHTEAL NA SHEPTrHI0O AKTHBAUNN NMPORBACHHN

Ta6anua 4

npossuteab Yubucosa; nAotHOCTH D; COOTBETCTBYOT BepXHell HacTH NPANOAMHEAHOr0 YUACTKA XapPAKTEDHCTHUYECKOR KPHBOR

A. Npossaenue onmuneckux naomuocmed syasu (Dy)

Jlo6aBka K NMpPOABH-

4y Temo (Ha 1 4) D/=0.l D/=0.2 D/=0,3 D/=0,4 Dy=0,5 D/=0.6 D/=0.7 Cpeanee
2.5 waca — 24 24 24 — - — -— 24
' 500 2 caxapa 25 23 23 - — - - 24
5 yacos — 16 19 19 - —_ —_ — 18
500 2 caxapa 14 20 19 - — — — 18
10 wacos — 18 17 17 16 16 16 — 17
500 ¢ caxapa 17 18 17 17 17 18 18 17
5. Npossasenue onmuseckux naomrocmeii usobpaxcenus (D;)
Wy Aof::;l(:.n{)(;ﬂ)n- D;=03 | D;=1,0 | ;=12 | D;=1,4 | ;=16 | D;=18 | D;=20 | Cpennce
25 waca - - 13 13 14 14 13 13 13
! 500 2 caxapa 13 13 13 13 13 13 13 13
5 gacos - 9 9 10 9 10 9 9 9
500 z caxapa - 10 10 10 10 10 —_ 10
o 10 uacos - 12 12 12 12 12 12 12 12
= 500 2 caxapa 13 13 13 14 14 — — 13
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To 06cTORTEABCTBO, UTO 3aMeAJeHHE NPOABJEHHA, AaXe BechbMa
3HayuTeabHOe, O6YyC/JOBJEHHOe 3aMelseHHeM AHPQPY3HOHHBIX mnpo-
11eccoB, B GOJbIUIHHCTBE C.JyuyaeB He CKa3blBaeTCs Ha BeJaHYaHaXx e,
KaXeTcl C NepPBOrO B3rafja NapaaoKCaabHBIM, HO JEFKO MOXeET
6LiTh OOBACHEHO TEOPELTHYECKH.

Kak mu yxe ykaswsaau [18], ckopocth npossienus gororpadu-
YeCKOro CJ0A MOXKHO BBIPAa3WTh B 06UIEM BHAE CJelylOUHM ypas-
HeHueM (cp. ¢ dopmyaamu 9 u 10):

v=K- CAgBr'CRed'e_E/RT (30)

1 1e cMbica o6GosHavennit v, R, 7, ¢, € O6ua pazbacHeH Bume, Cags:
H CRreda — KOHIIEHTPAIHH TraJioreHdaa cepebpa M BOCCTAHOBHTE A
(uposBuTens), a K — MHOXHTeab, BKJWOHAKWWHA QaxkTopnl, onmpene-
JRIOUIHE CKOPOCTb MPOABJAEHHA NMOMHMO KOHUEHTPAUHMA pearHpyio-
LIHX BEULECTR H 3HEPTHH aKTHBAUHH nposBaeHus. [Ton koHuenTpaunen
Crea MOAPAa3yMeBAETCA KOHUEHTPAUHS MNPOABHTEIA B CJA0€ BOJIH3H
3MYAbCHOHHHX 3€peH, a He B PACTBOPE HAA CJOEM.

[MouaTHO, 4ro yka3auHas koHueHTpauHs Cpe B 3MYJbCHOHHOM
ca0e B 1POLECCe MPOSiBJIEHHA B 3HAYHTCABHOA CTeneHH 3aBHCHT OT
CKOPOCTH PACXOJ0BaHHS {IPOABHTEAS M NOCTYNAEHHA CBEXHX NOP-
ILHi1 M3 pacTBOpa B CJOH, T. €. OT CKOPOCTH AHGYy3HH NPOABHTEAS.
Y MeHblIass TeM HJAH MHWM Cnoco6oM CKOPOCTh AHPQY3HH, MB TEM
CcaMBIM yMeHblllaeM KOHUEeHTpauHiw Creda H, B COOTBETCTBYIOLIEE YH-
€10 pas, CKOPOCTb NPOSIBJAEHHS U. JHEPrHs aKTHBALMH PeAKUHH (¢)

oCTaeTca npH 3ToM 6es u3MeHeHusi. Beanunna e_“Rr(cpaKTop Boabu-
MaHa) omnpeje.aseT A0Jt0 aKTHBHLIX MOJIEKYJ NPOABJAIOUIETO Belle-
cTBa, CNOCOGHHIX MNPeoao0JeTb 3IHEpreTHYeCkH# Oapbep peaxlHH.
CoBepuIeHHO OYeBHAHO, UTO 3Td BEJHUHHA (10/18 AKTHBHHX MOJe-
KyJl) MOXET MEHATLCA C H3MEHCHHeM TeMnepaTypbl, H3MeHEHHEM
COCTOSIHHA 1IOBEPXHOCTH H COCTABa 3MYJbCHOHHBX 3€pe€H, H3MEHe-
HHEM 3HEePreTHYeCKOro COCTOAHHH MOJIEKYJl HPOSABJALIEro Belle-
cTBAa (HanpuMmep B pe3yJabTate HOHM3auuu) W T. m. O1Hako 3Ta Be-
JHYHHA HE 3aBHCHT OT KOHUEHTPALHH NHPOABHTENA (€C.1H TOJAbLKO C
H3MeHeHHEeM KOHIEHTpPAlUHH He MeHAeTCA 3HEePreTHYeCKoe COCTod-
HHE MOJIEKYJ HJH MOHOB MposiBisioulero Beuiectsa). Ilostomy u3-
MEHEeHHE CKOpPOCTH AHGDY3HOHHWX HPOIECCOB (MOMHMO BJAHSHHSA
TeMIepaTypbl) He IPHBOAHT K H3MEHEHHIO SHEPrHH aKTHBAUHH NpO-
ABJeHHA (GoTorpad@HUecKHx cJoeB, 4TO0 H OblJ10 HaMH BHACHEHO
3KCMEePHMEHTA.TBHBIM NYTEM.

CneayeT OTMETHTh, BlIpOuYeM, 4r0 BO3MOKHH TaKHe YCJOBHA,
IPH KOTOPHX 3aMeAneHHe AHPPY3HOHHBIX MPOUECCOB MOXET Bhi3-
BaTh 3aMelJeHHe NPOABJIEHHA B Pe3y.ihTaTe He TO.IbKO yMEHDIUCHHH
KOHIEHTPAIHH Cres. HO M yBEJHUYCHHA 3HEPrHH akTuBauuu e. [lpu
OCO0EHHO CHJALHOM 3aMeaeHHMH AudPy3HH, T. €. IIPH HEAOCTATOYHO
OLICTPOM YAAQ.TeHHH [IPOIYKTOB PeaKLHH H3 CJA0f, OKO.J0 lIpOoABaAse-
MIWX 3MYJLCHOHIBIX 3€PCH MOTYT HAaKanJHBaTLCA HOHKW Gpoma, Ha-
JHUYHE KOTOPHIX, Kak H3BecTHO [17|, NPHBOAMI K yBe.THYEHHIO 3HEp-
THH aKTHBAaUUH npossacHus. [loMHMO 3TOro, B yC/NOBHAX HelOoCTa-
TOYUHOTO O6MEHA HPOSBHTEIS MeKAY CJoeM W pacTBopoM (npH He-
AOCTATOMHO OGLICTPOM HOCTYMICHHH CBeXKHX [HOPUHIT 11POAB.AAIOULLETO
BCILECTBA K MECTY PEAKIUHH) HPOSABACHHE MOTYT OCYULECTBA#TL MO-
JAeKyabt (MM HOHLI) HEe TOJAbKO HCXOAHOTO IPOSB.IAIONIErO Belle-
cTBa, HO H ero cy.abdoupousBoiHuX. [loHsirHO, 4TO B 3TOM cayuae
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3HEeprUsl aKTHBALMH & A0/KHA BO3pacTaTh. Y KazaHHOe fiBJeHHE 6H.10
OTMEUEHO HAMH BhHILLIE.

OaHako U B 3TOM cC.aydae AHQPY3HOHHBIE NPOILECCH SBJIAIOTCA
JAHIL KOCBEHHOH NPHYHHOW H3MeHeHHA s. B nedCTBHTENbHOCTH H3-
MEHCHHE & CAYXKHUT KPHTEpPHEM TOro, 4TO MNpOTeKalllas NpH yKa-
3aHHBIX YC.JIOBHAAX XHMHUYECKad peaKlHdA, XapakTepH3yeTCd HHHM
3nepreTHYeCKHM 6apbepoM, YeM Ta peakiius, KOTopas npoTrekana GH
B YCJIOBHAIX Xopoliuero obmeHna nposiBUTE]s MeXAy CJOEM H pacT-
BOPOM.

Heob6xoaumo, paagaee, ykasaTb, 4TO TeMnepatypHue ko3pHUH-
¢HTH (M, C1eZ0BaTeNbHO, 3HEPrHH aKTHBAUHWH) AHGDY3HOHHHX TpoO-
11eCCOB M XHMMHYECKHX peakiiHil no Be.JHYHHAM CYLLeCTBEHHO pPa3fu-
yalorcsi. Eme B 1907 roay Wlennapa v MH3 B cBOEM KJAaCCHUECKOM
uccaenoBaHuu [22], ccunasch Ha paGoTh Baut-Iodda, BoaeHwTeina
H J1pPyrHX aBTOPOB, OTMETH/H, UTO TeMUIEepPaTYpPHHA KO3IDGPHUHEHT
Anddy3uH paBeH npHGAH3HTe.IbHO 1,5, a B cayuae XHMHYECKHX
prakiluA HMeeT BeJHYHHY okoao 2—3. B unepecuere Ha BeJHYHHB
3HePrHH AaKTHBAaUHMH 3TO O3HA4aeT, 4YTO AAA AHPDY3HOHHHX npo-
116CCOB XapakTepHa BeJMUYHMHA ¢ nopsinka 6—8 wxaa/mons, a ans
XHMHUYECKHX peakuHit —nopsiika 12-—20 xxasa/mons u Boiue. B coor-
BETCTBHH C 3THM HaxonaTCA ykasauHs [12, 23] Ha TO, uTO 3Heprus
aKTHBAUHH NPOSABJIEHHA, CKOPOCTh KOTOPOro PEryJUPyeTcs TOAbKO
Aupy3HOHHBIMH IPOLLECCAMH, PaBHA PHMEPHO D—8 kKxaa/moas. Cne-
LOBaTeJbHO, BO BCEX CJy4afiXx, KOTJ1a 3KCIEPUMEHTaJbHO HaXxoAHMafn
BEJHUYHHA 3HEPrHH aKTHBAaUHH paBHa HAH Goabwe 8—10 xxaa/mors,
MH HMEeM Jen0 C 3Heprue# aKTHBAUHH PEaKUHH NpPOSBJAEHHS, a He
andPy3HOHHHX mnpoueccoB. B Tex xe cayuyanax, korga e< 8 —
10 xkxaa/moas, MH BnpaBe JAyMaTb, YTO 3Ta BEJMYHHA CBSA3aHa CKO-
pee ¢ 1HPQPY3HOHHBIMH NPOUECCAMH, YeM C peaKkuHeH NPOSBJIEHHA.

8. 3aBHCHMOCTD SHEPrHH aKTHBAUHH NPORABACHHA OT SKCNO3HUHH
H NMPOAOAKHTECABHOCTH MPOABACHHA

B MeToaHYeCKOM OTHOIIEHHH BaXXHO PacCMOTPETb TaKXe BONpPoOC
O 3aBHCHMOCTH 3HEPrHH AKTHBAUHH NPOSABJEHHA OT 3KCHO3HUHH H
IPOLONIKHTENBHOCTH NposAsaeHHs poTorpaduuecKkux cjoes.

B autepatype yxe HeoAHOKpATHO ykaswBajaocb [6, 7, 9, 10, 11,
12, 14, 15, 16, 17, 24, 25, 26|, uTO 3HEPTHA AKTHBALUHH NPOABAECHHA
ByaJHu (¢;) 3ameTHo 6oabme (npumepHo Ha 10 KKxaa/moas) SHepTHH
aKTUBAIlHH npoaBJeHHs H3o0paxenHs (e;). BMecte ¢ Tem, 6ban OT-
MeYeHb CJy4Yad, KOrjia BeJHYHHH €, H ¢ GHAH DaBHH HIH Raxe
HEPrUA aKTHBALHH NPOSIBJEHHA H306paKeHHA HECKOAbKO MpPeBH-
ajsa 3HepPruio aKTHBAIlMK NPosiBJAeHHA Byaau (15, 16, 17, 27]. Tpu
3TOM OCTaJIOCb HEYyTOYHEHHHM, KaK H3MEHAETCH 3HEpPrus e, C H3Me-
HeHHEM 3KCMNO3HUHH, H, B CBAI3H C 3THM, OCTAJCA OTKPHTHM BOIPOC,
IPH KAaKOoA TOYKE XapaKTepHCTHYECKOH KPUBOH HAAO onpepeifTh
TeMNepaTtypHble KO3QPHUHEHTH MPOABJACHHA, KOrAa Mbl XOTHM BH-
YHCAHTb 3HEPrHi0 aKTHBAUHH NPOABJAEHHA H3o6paxenusa (¢). Caeno-
Bare1bHO, BAaXHO 3KCMEPHMEHTAJbHO NPOCJAELHTb, KaK H3IMEHAIOTCH
BEJHUYHHBl € C H3IMEHEHHEM 3KCIO3HLHH.

B metoaMuecKkoM OTHOWEHHH BeChbMa BaXHHIM ABJAETCA TaKKe
BONPOC O TOM, MPH KAKHX MNPOLOJNIKHTENALHOCTAX NPORABJAEHHA (f),
HWAH, APDYTHMH CJOBaMH, NPH KAaKHX ONTHYeCKHX mnJaoTHOocTAX (D),
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pacTYIMHX B polecCe NPOABACHHSN, CAEAYET ONpPEeAeNsTh BeAHIHHN e.
3TOT BONPOC, OYEBHAHO, OTHOCHTCA B PAaBHOR CTENeHH K ompene-
AeHHAM ¢, Tak H ¢, [lockoabKy onTHYeCKas NJOTHOCTb B MEPBOM
NPHOAHKEHHH TNPONOPLHOHANBHA KOAHYECTBY NPOABAEHHOro ce-
peapa, CMBCJ TNOCTaBJEHHOrO BONPOCA CBOAHTCHA K TOMY, NMPH Ka-
KHX KOHUEHTPAaUHAX o6pa3yiolierocs NpoAyKra cAeAyeT ONpeaenaTs
3HEprHio s.

AHTEpaType BOMPOC O 3aBHCHMOCTH IHEPrHH AKTHBAUHH & OT
NPOLO/MKHTENLHOCTH NPOABAEHHA MOYTH He ocBeuleH. B auccepra-
und ApHoaba (5], npaBaa, ykasaHo, 4TO BEJAHYHHH ¢ NPaKTHYECKH
He 3aBHCAT OT NPOAOJXKHTEJNbHOCTH MNPOSBJIECHHA, HO, KaK MB HHXeE
NOKaxeM, 3TO OTHOCHTCA He KO BCEM CJAyYasM MPOSBJEHHA.

HamH HakonJeH OGWHMPHHA SKCMEPHMEHTAaNbHHA MarepHas, no-
3BOJIAIOMIHA MPOCAEAHTb 3aBHCHMOCTH BEJHYHH ¢ OT IKCIO3HUHH H
NPOAOAKKTENBHOCTH NpPOfBAEHHA. HanGojiee THNHYHHE CAYHaH H
BLIBOABN H3 HHX PacCMOTpPEHH HHXe.

Yxe B nepsoR HaweR pa6oTe, MOCBAUEHHOA HCCAEAOBAHHIO TEM-
nepaTypHHX 3aBHCHMOCTER lPOABAEHHA, GHJa NpHBelEHa [14] Ta6-
AKLA, 103BOAAKIAN CAENAaTh HEKOTOPHE BHBOJAH MO pacCMaTpHBae-
MHM 3aech BonpocaM. CoaepxanHe 9TOA TaGaHLUH, nocae nepe-
cyeTa BEJHYHH TeMnepaTypHHX KosdpdHuHeHTOB (z) HA BEJHYHHM
3HeprHH aKTHBauHH (2), AaHO B HacTosumeH cTaTbe B tabauue 5.
B kauecTBe CBETOYYBCTBHTEJAbHHX MaTE€pHaNOB B 9THX ONbITaX MpPH-
MEeHSJIHCh OTEYeCTBEHHHE nJaeHkH (asponaenka Tun, 10 H MO3HTHB-
Has kuHonjenka). [1posiB1eHHe NPOBOAHAOCH B LIENOYHOM pacTBOpE
XJAOPHCTOTO 0JI0Ba (T. €. B PacTBOpe CTAHHMTA HaTPHA) H B CTaH-
AApTHOM NapaaMHHOPEHONOBOM MpPOABHTENE.

U3 tabanubn 5 OTYETAHBO BHIAHO, YTO SHEPrHA aKTHBaUlHH NPO-
fiBJEHHUA (¢) YMEHBIUAETCA C yBeJHYEHHEeM SKCMO3HUHH (H) u BO3-
pacTaeT ¢ yBeJHYEHHEeM NMPOAONKHTENbHOCTH NMPOABJEHHA (c yBeau-
yeHHeM onTHyeckoR naotioct D) U3 3to#t TabaHuUB BHAHO, BMECTe
C TeM, YTO CKOPOCTb MPONBJEHHS CTAHHHTOM HATPHA peryJaAHpyercs
Aupdy3uonnnMH npoueccaMu (¢ < 10), a NpH NMPOABACHHH TN-AMHHO-
GeHONOM 9HEprHs AKTHBAUWK GHJA CHHXEHAa A0 AHPPY3HOHHHX
3HaueHH# (¢ =9) AHWDb NPH GONbLUIHX SKCMO3HUHAX B CJAyHae Mo3H-
THBHO#t KHHOMJEHKH.

Bosee noJHHEe AAHHHE MO pPacCMaTPHBAEMOMY BoOmpocy Mnpea-
cTaBjeHn B TaGanue 6. 3TH AaHHHE OTHOCATCA K NPOABAEHHIO B
npossutene UYubucosa dportorpaduueckoft sMyabCHH, noaBepruyTon
pA3/IHIHOA MPOAOANKHTEABHOCTH BTOpOro cospesanus. B tabaunue 6
yepe3 t 0603HaUEHO OTHOCHTEAbHOE BPEMA CO3PEBAHHA C YUETOM
TOro, 4TO tT=1 COOTBETCTBYeT BPEMEHH CO3pEBaHHA, NPH KOTOPOM
AOCTHTaeTC MAKCHMYM CBETOYYBCTBHTEJNbHOCTH.

Ta6auus 5 1 6 TOBOPAT O TOM, UTO SHEPrHA aKTHBAUHH NMPOAB-
ACHHS H3MEHAeTCH C M3MEHEHHEM KaK SKCMO3HIUHH, TaK H NMpoaoa-
KHTEAbHOCTH nposBaeHHs. [Ipocaeaum BHaua e H3IMEHEHHS SHEPrHH
AKTHBALMH TPOABJAEHHA ByanH (¢) C H3MEHEHHEM MPOAONKHTEb-
HOCTH mposBienus. Kak BHAHO M3 TaGauuu 6, B cayuae Maao co-
apeBe (x=0,4) u HopMaabHO co3pesued (v = 1,0) aMyAbCHHA, SHED-
rus ¢, GHCTPO BO3PACTaeT C BO3PACTAHHEM ONTHYECKOA NAOTHOCTH,
T. €. C yBeJHYeHHEM NMPOAO/IKHTEAbHOCTH npossaexus. ITOT dakT
¢H3nYeckH Jerko mnoHATeH. HeskcnoHHpOBaHHWE 3MY/AbCHOHAME
3epHa (3epHa Byaau) B npeleax AaHHOH 3MyAbCHH o6aanaior pas-
AMYHOAA AAGHABHOCTBLIO. JpPYyrHMM CJAOBaMH AJR NPOABACHHR pas-
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I1a" 1nua o
3aBHCHMOCTD IHEPIrHH AKTMBAUMK NPONBACHHR (: KKAA M0Ab) OT SKCMO3HUHH W MPOACAMMHTEABHOCTH NPONBBEHHN
Asponaenka tHn 10 [lo3uTuBHas KHHONACHKA
Cranut [M-anunodpHHOA Cranur I1-aMuuodpunon
HAaTPHA HATPHA : ’
Hy=0 H;,=0 |lgH, --2,3]lgH,=—-1,7lg Hy=-1,4 Hy=0 Hi=1 lgH,= 0,8/1g H, =0,1
D=0,3 S 23 — — — D=0,3 9 25 — —
0,5 6 27 22 16 - 0,5 10 25 — —
0,8 7 31 28 20 16 0,8 9 25 18 —
1,0 8 34 33 22 20 1,0 10 25 22 —
1,2 9 35 35 24 22 1,2 1 26 24 9
1,5 10 - - 31 25 1,5 12 27 26 13
2,0 — — — — 34 2,0 13 — 19
— —_ — — — — 2,5 13 - - 2

MNpumewaunne. B ra6anue 5 pernunnw ¢ nox py6puko# Hy;=0 npeicrapaaior co60f BeNHUHHB &7, & 10l pPyOpHKaMH
Ig Hy, |g H, n |g H; — BeARYHHB & NPH Pa3AHUHBX SKCMO3HUHAX. B cayuae aspomaenkn Ig H; oTHOCHTCA K Bepxiued vactH 061acTH
wegoaepxek, a lg Hy, n 1g Hy — x cpefHedl YacTH XapAKTEPHCTHYECKOR KDHBOM; B CAyuyae NO3UTHBHOR KHHOMAeHKH Ig H, OTHOCHTCA
K BepxHefl uacTH o61acTH Hejoaepxkek, a lg H, — Kk cpeanefi HAH BepxXHel YacTH NPAMOJHHEAHOrO yvyacTKa XapakTepHCTHYeCKOH

KPHBO#,
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Ta6anua 6

BeAHYHHB SHEPTHH AKTHBALWH NPOABAEHHA BYanih (3 KKaA MOAb) B H306paXKenns
(s; kxaajmoas) PpoTorpadnyeckoft IMyALCHH, NOABEPTHYTOR BTOPOMY
CO3pPEeBAHHIO PA3NHYHOA NPOROMKHTENALHOCTH

OnTHyeckHe NAOTHOCTH D, 1pH KOoTOpMX S~ o

oupelerelu BEAHYHIIB € =sS%

| | Tl iiit

0,2]0,4/0,6 0,8‘ 1,01,2/1,4/1,6/1,8/2,0/2,2/2,4/2,6 5= §§

I. Npodosxcumensnocms smopozo cospesanus 1 yac (x=0,4)
Hy O 28] 32|33 - 28
H,=0,16 ax. cex | 231 30| 33| —| - - |- - -1 - 23
Hg=0,625 , , |16 17]19(22] 24| 26 27| 30 . - - 16
H,=1,25 ., , |13[14|14] 14| 16| 18] 21|24} 27| 28 14
H, 2,5 woo. (12 12] 12131 13|13|16]| 18| 22| 24| 26| 28 30 12
H,-:5,0 .. (127121121212 12| 13| 16| 20| 24| 26| 28| 30 12
I1. I1godoanumensnocms 8mopo2o cospesanusn 2,3 4aca (1 = 1)
Hy=0 24| 25127 28| | -1 -t -} | -] - - 23
H, =0,16 ax.cex | — 16| 16| 16| 16| 16| 16| 18| 19| 21| 24| 26 -- 17
H,=0,625 , , |- [14[15]15] 15| 15| 15| 14| 13} 14| 13| 13} - - 14
H,=1,25 , , S - 1130131 131 13| 13] 13| 13| 13} 13 13
Hg=2,5 . » — 13] 13| 12} 12112} 12} 12] 13 - — 12
H,=5,0 . » |12(10] 10} 10]10|10{ 10| 10| 10| | -- - - 10
111. [podoaxcumesnocms smopozo co3pesarun 6 wacos (v --2,4)
Hy=0 19 |19 19|19 19] 20| 22 -1 - ' — 19
H,=0,16 ax. cex | 13} 13| 14| 15| 16| 16| 16| 16| 18] - S 13
Hg= 0,625 , . 9 12|12 12] 11| 13} 13| 13| 14| 13| 13! 13} 13 12
H, 21,56 , 121 9| 9| 9l10j10] 11| 1112|112, 12| 13 11
H,. 2,5 . -1 10) 9| 1oj10] 10 10] 12| 11{ 11) 10 10
H,=5,0 . . 8( 91 91 9{ 9|10]10 ]0| 10| 11 8
1V. 11podoaxcumeassrocms smopozo co3pesarus 10 wacos (t = 4,0)

Hi=0 18117115 15115 15116} 16| 17| —| —| —| — 15
H, 0,16 ax.cex | 15116 15! 14| 14| 14| 14 15[ 16| —] —{ —| - 15
Hy=0,625 , , | — | —|13]13]13[13{ 13 13| 13| 13| 14| 14| — 13
H,=1,25 , , | —1|—]13]13|13| 13|13} 13|13} 11| 13| 13| 14 13
Hy =25 oo |- 131313 12] 12} 13] 13} 13} 13| 13} 13 13
Hy=35,0 . . | = = 12]12]12{ 12| 12| 12} 12| 12| 12] 12] 12 12
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JHYHHX 3epeH TpebyeTcda pa3JMYHAfA 3HEPrHA AaKTHBAUHH (pacnpe-
Ae.eHHe uHCaa 3epeH N no BeJHYHHAM &, OYEBHAHO, CJAEAyeT He-
KOTOpPOH BEPOATHOCTHOH KkpHBO#). B mnepByo ouepeab, KOHEuHO,
NPoABAAIOTCH TE 3€pPHAa ByaJH, JJA HAaya/]a NpPOABJEHHA KOTOPHX
TpebyeTCsl HaHMeHbluass 3Heprdf e. MHAYKUHOHHHH nepHoa nposs-
AEHHA 3THX 3€peH oyeHb Masa. Ho B Mano W B HOpMaabHO CO3peB-
WHX IMYJbCHAX KOJHYECTBO TAKHX 3€peH BeChMa HE3HAYHTEAbHO H
B pe3yabTaTe NPOABJAEHHS OHH MOTYT CO31aTh TOJbKO MaJylo OINTH-
YeCKylo NAOTHOCTb (Hanpumep D =0,2). Bcaea 3a sTum nposBas-
I0TCA 3€pHa, TpelyloulHe HEeCKOJbKO O60JbllieA 3HEPrHH aKTHBALHM
nposiBAeHHA H obJajaiollye, BCJAEACTBHE 3TOro, 60J/iee AJHTENbHHM
HHAYKUHOHHHM MEepPHOAOM.

B pesyabraTe mposiBNeHHs 3epeH MepBWX ABYX Fpynn Co3jfaercs
HECKOJNbKO G6OJablias ONTHYECKas MNJOTHOCTb, Hanpumep D =04.
[No3anee nposBAAIOTCA 3epHa, TpebyioliHe euwe GOAbIUEA 3HEPrHH
akTHBauMH H T. A. Kak BHAHO H3 Tabauum 6, C yBeJHUYEHHEM Mmpo-
AOJUKHTEJbHOCTH CO3PEBAHUA HaUMEHblas 3Heprus e, (npu D = const,
HanpuMep npH D =0,2) He TOAbKO yMEHbLIAETCH, HO H OTHOCHTCSA
KO BCe 6O/bUIEMY KOJHYECTBY 3MYJbCHOHHHX 3€peH, B pe3yabTare
Yero 9HEPrHf e, OCTAETCH NMOCTOAHHOR BO Bce 6o/ee IHPOKOM HH-
TepBaje ONTHYeCKHX mnaotuocteR D, B pesy.abtaTe RJAHTEABHOrO
co3peBaHHA (HanpuMep npH t=2,4) noaasasiouee GOJIMHHCTBO He-
3KCMOHHPOBAHHLIX 3epEeH B 3MYJbCHH Tpeb6yeT OAMHAKOBOW, OTHO-
CHTE/JbHO MAa/JOH 3HEePrHH aKTHBAUHH nposBjeHUd. [IpH oveHb AaM-
Te€NAbHOM co3peBaHHH (t=4,0) Ha6.onaeTcs OGpaTHHM XOX e ¢
yseanueHneM D ymeHbwaercs e, (06 3ToM noApoGHee CM. HHXKe).

AHanoruyHbe OTHOWIEHHS Mbl Ha6/1013aeM NMPH NPOSBJIEHHH ONTH-
YeCKHX NJAOTHOCTeA H306paxeHHs (cM. tabauuy 6). JkcnoHHpoBa-
HHE, T. €. CO3JaHHe 3apoAHIIeA CKPHTOro H306paxeHHs Ha 3epHax,
NPHBOAHT K CHHXEHHIO 3HEPTHH aKTHBAUHH nposiBaeHHA. [loHATHO,
4TO, YyeM Goabuie 3KCNO3HUHKA (H), TeM MeHblle 3HePrud aKTHBaUHH
NposBJEHHA NPH AaHHOA onTHYeckof naoTHoCcTH D. [lockoabky,
B CJAy4Yae MaJjo Co3peBuieR 3MYJAbCHH GOMbIIHHCTBO 3epeH o6.aajaet
OTHOCHTE/JbHO MAJIOA CBETOYYBCTBHTEABHOCTbIO, TO AdXe NPH 60.b-
WOR 3KCHO3HUHH BEJHYHHH ¢, HAYHHAA C HEKOTOPOH maoTHocTH D,
BO3paCTAalOT C yBeJAHYEHHEM MNPOLOJIKHTE/ILHOCTH MNposBJAeHHA. B
Cayyasx Xe Xopouwo co3peBwHx 3Myabcuit (z=1,0; 2,4; 4,0; cm.
Ta6AHUY 6) NpH HEKOTOPOR 3KCMO3HUHH NPAKTHYECKH BCe 3epHa
TpeGyloT OAHOA M TOR Xe He6OAbLIOA 3IHEPrHH AKTHBALKH NPOSB-
neHusi. B aTOM cayyae CTAHOBHMTCA ClpaBeAJHBHM BHILEYNOMAHYTOE
yTBepxaeHHe ApHoabA [5], 4TO BEAHYHHH & HE 3aBHCAT OT NPOAOA-
XHTEJbHOCTH NPOABJICHHA.

YBenuueHue 3HEPrHH aKTHBAUHH NPOABJECHHA C YBeAHYEHHEM
NPOAO/KHUTENBHOCTH NPOABJAECHHUA MOXHO 6H.I0 Gbl OGBACHHTDL TAKXKeE
HaKonJaeHHeM GpoMHaa, o6pa3yloLlerocs B mpouecce NPOsBACHHA,
OKOJIO NPOABAAEMBX 3MyJbCHOHHHX 3€peH, TaK Kak u3BecTHo [17],
4TO GPOMMA B 3MY.bCHH YBEAHYHBAET 3HEPTHIO AaKTHBALHH NPOsB-
AeHHsa. Ho enBa aH 3T0 0GbACHEHHE COCTOATEABHO, TaK KaK GPOMH.
AOJIKEH HAKANAHBATHCA I1aBHM 06pPa3oM NpH GHCTPOM NPOSBIAECHHH,
T. €. B 6OJ/blIeA CTEIIeHH NMPH IPOABACHHH ONTHYECKHX NJAOTHOCTEM
H3o6paxeHHsd, yeM Byaad. Ho, kax nokaswBaer skcnepHMeHTa/IbHHA
Mmatepuan (cM. Ta6auum 5 H 6), yBe.HYeHHe e Cc yBeaHYeHHeM ¢
IPOUCXOAHT B GOJbleA CTENeHW NMPHU NPOABAEHHH ByaaH, 4eM H30-
6paxenns. bojee Toro, npu GLICTPOM NPOABAEHHH CHALHO CO3pEB-
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IIHX SMYJbCHA, KOrAa MOXHO OXHAATbh 0CO6EHHO 60ABIIOTrO HaKom-
JeHHs O6pOMHIA B C./10e, BEJHYHHB & C yBeJHYCHHEM NPOAOIKH-
TEJAbHOCTH NPOABJAEHHA B PsAle CJAy4YyaesB HE BO3PacTalT, a yMeHb-
IAITCA.

M3MeHeHHs 3HEpPrHH aKTHBAUMH NPOSIBJAEHUs H3O6paxeHus (e)
C 3KCmo3Huued yao6HO NPOCAEAHTL TaKXKe MO MAaTepHa.am, lpHBe-
AeHHBIM B Tabauue 7. 3TH MaTepHaJInl OTHOCATCA K QoTorpaduue-
CKO#l 3MYyJbCHH (MHOWN, yeM B TabaHue 6), noABepruyTO# pa3AHYHOH
NPOAOAKHTENBHOCTH BTOPOro co3peBaHHs. [lpHBeaeHHbe B Tal-
adue 7 BeJHYHMHB & TMPEACTABJARIOT CO60O# CpeAHHe HJAH HaHMEHb-
IIHe BEJAHYHHH H3 MOJYYEHHHX MPH PA3JHYHBIX NMPOAOJIKHTENBHO-
CTAX NPOAABJEHHA,

C ueablo CONOCTaBJAEHHS BEJHYHH 3HEPrHH  aKTHBaUHH ¢ oTO-
rpaduYeCKHMH MOKa3aTeasiMH, Ha PHC. 3@ H 30 npuUBeAEHH XapakTe-
PHCTHYECKHE KpHBHE COOTBETCTBYIOUIHX 3Myabchit. Caenyer 3ame-
THTb, YTO NMOAOGHOE CONOCTaBJEHHE MOXeT OuTh TOJbKO NpPHGJH-
3UTENbHHM, TaK Kak ¢GOpMa H NMOJOXKEeHHE XapaKTePHCTHYECKOH KpH-
BOH 3aBHCAT OT TeMNepaTypsl H BpeMeHH NpoABAeHHA. BeaHuHHb
Ke < HEe OTHOCATCA K KaKoh-A1H60 OAHOH TeMmepatype H OAHOMY
BPEMEHH NMPOABJEHHS, a SABAAIOTCH [IPOH3BOAHLIMH H3MEHEHHI ONTH-
YeCKOH IIOTHOCTH CO BPEMeHeM NposiBAeHHA H TeMuepatypo#. Ha

3aBHCHMOCTb SHEPTrHH AKTHBALUHH NPONBACHHS

[TpononxureapnocTs Beanunnul
BTOPOro cO3peBaHHA ¢
MY AbCHH IgH,=—1,7 | IgH, - — 1,4} IgH; = —1,1
15 mun (x=0,1) 36 36 36 36
2,5 saca (x=1,0) 26 25 22 .16
4 yaca (r =1,6) 18 17 16 15 °

pHC. 3@ 1aHH XapaKTepHCTHUYECKHE KPHBHE, MOAYYEHHHE B npouecce
npossaeHusi npu 15° 10 noctosHHoll naotHoctH Byaau (D,=0,15),
a Ha pHC. 36— npH nposBaeHHH (15°) 10 MOCTOAHHOTO KO3 PHILHEHTA
KOHTPACTHOGCTH (7 =2,3).

M3 matepuanoB tabauus 6 H 7 BHAHO, 4TO 3HEPrHsl AKTHBAUHH
NPOsABJEHUS YMEHbIUAETCA C YyBEJHYEHHEM 3IKCMNO3HIHH, CHHXAACDH
A0 HEKOTOPOro HaHMEHbIEero 3HauyeHHs, BEJANYHHA KOTODOTO 3aBH-
CHT OT CTElleHH CO3peBaHHA 3MyJbcHH. CHHXeHHE 3HEPrHH aKTHBa-
IIKH HAYHHAETCH C TOA IKCMO3HIMH, KOTOPass COOTBETCTHYET NPHGIH-
3HTEIbHO 1OPOTY CBETOMYBCTBHTEJLHOCTH 3MyaAbCHH. CaenoBarenn-
HO, Gosee OLICTPOe HPOsABJIEHHE IKCIOHHPOBAHHWX YUYACTKOB CJ0A
10 CPaBHEHHIO C HEIKCMOHHPOBAHHHMH INPOKCXOAMT TOrAa, KOraa
31Eeprusi aKTHBAaLUHH NPOSBACHHA HECKOJbKO CHHXEHA 10 CPaBHEHHIO
C 3Heprued aKTHBaUHHM nposiBJeHHsi ByaaH. OAHAKO TOYKA, NPH KO-
TOPOil CHHXEHHE 3HeDrHH AaKTHBAUHH IIpEKpaulaeTcs, He COOTBETCT-
ByeT CTPOro KakoH-1H6O onpeleneHHOl Touke XapaKTepHCTHUYCCKON
KPHBOM, a JAHIIb NPUOIHUIHUTEABHO COOTBETCTBYEeT Hauany o6nacTH
nepeaepKex.

M3 tabauy 6 1 7 BUAHO, UTO lIPH NPOSBJAEHHH CHJIBHO CO3pEB-
WHX 3MyJabCHI (1=2,4 cM. Tabauuy 6 H t=1,6 cM. TaGauuy 7)
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JHePrus aKTHBALMH NPOSABACHHS H306paMeHHs, HaYHHAA C HEKOTO-
pOH 3KCMO3HUHUH, OTHOCALLEACA K BepxHefi 4AaCTH XapaKTEPHCTHye-
CKOH KPHBOIi, CHHXKAETCH A0 BeJHYHHH ¢, =8—10 xxas/moas. B sTuX
CAyyasx, OYeBHAHO, TeMNepaTypHast 3aBHCHMOCTb KHHETHKH NpofAB-
JeHHA CBA3aHa cKopee ¢ AHGPY3HOHHHMH TIpOLECCAMH, YEM C pe-
aKuHet nposBJEHHS.

HecoMHeHHO, 4TO Ha CHJIbHO 3KCINOHHPOBAHHBIX Y4aCTKax CJof,
Aaxe B TeX CJyuasix, KOr1a 3KCNepUMEHTAaJbHO omnpeaenseMas Be-
AHYHHA ¢, HEe CHHXAeTCA A0 JAHPGY3HOHHBIX 3HaYeHHH (HanpuUMep
SMyabCHA npH t=1 B Tabauue 6), HMelOTCH 3MYJbCHOHHHE 3€pHa,
SHEPrus AaKTHBAUHH NPOABAEHHA KOTOPHX CHHXEHA NPaKTHYECKH
A0 HYJA H TeMNnepaTypHas 3aBHCHMOCTb NPOfABJEHHA onpeaenseTcs
TemneparypibiM koapdHuventoM AHGPy3HH. OpHako Kaxaas U3
BEeJIHYHH &, onpejeaseMHX HAMH, HBJAATCA HEKOTOPOA CTATHCTHHe-
CKOHA (cpeaHeB3BelIEHHOMA) BEAHYHHOH, OTHOCAWEACA He K OTAeb-
HOMY 9MYJbCHOHHOMY 3€pHY, a k 6Goabuiofi rpynne 3epeH, Cpeiau
KOTOPHX OCTaeTCH elle OTHOCHTEAbHO G6GOoabliOe YHCJO 3epeH, Tﬁe-
OyowWwHXx ANA NPOABJAEHHA 3HEPrHi0o aKTHBaUHH Goabwe Hyas. [lo-
STOMY B OOJbUIMHCTBE CJAyYaeB [AaXKe€ HaHMeHblIHE BEJHYHHH e,
Ha6alonaemune HaMH, 6oabwe 3Heprun & =6—10 xxas/moAb, OTHO-
caueAcs Kk AHQGY3IHOHHHM npoueccam.

Ta6baunua 7
(s xxa4/n04b) OT IKCMOSHUHK

¢ NpH
IgH,=~-0,8 | IgH;=—0,5 | IgHg=—0,2 | 1gH,=+0,1 | IgHg = 0,4 | IgH, =0,7
33 31 28 21 18 17
14 12 12 12 12 12
13 11 10 9 9 9

OG6pamaeTt Ha ce6s BHHMaHHe TO OGCTOATEABCTBO, YTO NPH Npo-
¢ SABJEHHH 3MYJbCHH, NOABEPrHYTOH OYEHb AJNHTEJbHOMY CO3PEBaHHIO
(v=4, ta6auua 6), HaHMEHbLIHE BEJHYHHH ¢, OCTAIOTCA GoJablie
BeJHYHH ¢ AHPPY3HOHHHX npoleccoB. ITO 06CTOATEABCTBO OGy-
CAOBJEHO JAeCEeHCHOHAH3alUHEeR 3MYAbCHOHHHX 3€pPeH NPH AJHTEAb-
HOM CO3pPEBaHHH 3MYJbCHH *).

Heo6xoaAHMO nNOAYEPKHYTh, YTO ONHCAHHHE BHIE 3aBHCHMOCTH
9HEpPrHH AKTHBAIHH & OT 3KCNO3HUHH H NPOAOJIKHTEJBHOCTH MPO-
-fIBJ€HHA He HCHepnbBaloT (AaKTHYECKH Ha6/0AaeMBX OTHOLUEHHNA.
B nawe# pa6Gore BCTpewaaHChb CJAydYaH, KOrAa 3HEpPrus aKTHBAIHH
NPOABNEHHA C 3KCNO3HIHeH He MeHAJach HJH, HA060pPOT, C YBEJH-
YeHHEM 3IKCMO3HUHH HECKONbKO yBenHuHBaaack. HaGawaaancey Takxe
CAYy4aH, KolI'la 3HeprHfd aKTHBAUHH C yBeJHYEHHEM IIPOAOJJKHTEND-
HOCTH MPOSAIBAEHHS HE BO3pacTana H He OCTaBa.aaCh IOCTOAHHOM,
a B HCKOTOPOM HHTEpBaJe BpeMeHH NPOsABJEHHS yMeHbluaaach (CM.
HanpuMep, H3MEHeHHe e, 3MYJbLCHH, MOABEPrHYTOA BTOPOMY co3pe-
BaHHI0 B TeueHHe 10 uyacos, Ta6anua 6).

*) AHanu3 NPpHYHH STOTO ABAEHHA faercs B paspene 10.
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Puc. 3. XapaktepHcTHuUeckHe KpHBHE aa6oparopHo#h ¢ororpa¢uqecxoﬁ 9NMY IbCHH,
noABepruyTofi BTOPOMY CO3peBaHHD pa3anunof NPOAOMKHTENBHOCTH.

a. Tipossaenne 10 NOCTOSHHOA NAOTHOCTH DyaAK (Df = 0,15).
O6o3mauenne KPHBHX:
1. Bropoe cospesanne i5 MNN.; nposBAeHHe 32 MNH. NDH 15°C. 2. Bropoe cospesanne 2.5 4acs. NPOEBACHNE
16 unn. npu 15°C. 3. Bropoe cospesanne 4 uacs; nposBAeHne 2 MNH. NpK 15
6. MNpospaenne 10 NOCT o x03d® Ta XOMTPaCTHOCTK (T = 2.3).
O6o3HaASENKE KPHUB X

1. Bropoe cospesanue 15 Muu.: npossaenKe 256 mwu. npH 15°C. 2. Bropoe co3penaune 2,5 uaca; npossae-
une 8 mum. npw 15°C. 3. Bropoe cospesanne 4 usca; npossaenne 8 MNN. NPH 15°C

8 ’ ?
10 A wt
s/ '
25 25
20 20%
5 214
w} 3 71
as / ast
2
-20 5 0 a5 0 a5 w 4 -20 oY w0 -as 7 s
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Bonpoc, kakuM o06pa3oM oOCyllecTB/AAETCHS H3GHpaTeNbHHH Xxa-
paKTep LPOSABJEHHS B TE€X CJyuasxX, KOrla 3Heprus aKTHBAUHH NpoO-
fBJEHUA ByaJd paBHa MM Jlaxe MeHblle 3HePrHH aKTHBAaUHMH Npo-
ABJEHHA H306paxenus (s, <), 6yneT noipo6HO PaCCMOTPEH HHXKe
(cm. paszea 14). 3aech ke Mb 06CYyAHM BONPOC, NMOYEMY K NpH
KaKHX 00CTOATE.1bCTBAX IHEPrHA AKTHBALLMH C YBEAHUEHHEM MNpOsAB-
JeHHA He Bo3pacTaer, a yMeHnbliaetrc. M3 martepuanoB, mo.ayueH-
HBIX HAMHK, CJ1€1yeT, UTO YKa3aHHble aHOMaJibHbie OTHOLEHHS (YMeHb-
meHHe & ¢ yBe.HYeHHeM f) Ha6.1104aI0TCA TNPH NPOABJEHHH HJH
CHAbHO CO3PEeBUWHX 3MYJbCHA HJAH A0.Jr0 JNexaBulHX (POTONJEHOK,
CK.JIOHHHX K CHJALHOMY BYaJHPOBAHHIO H IIPOABASIEMBIX OYeHb OBbl-
CcTpo.

L1 O6bACHEHHS 3THX OTHOWIEHHA HAL0 OGPATHTLCH K KHHETHKE
NPOARB.1IEHHA OTACJALHOTO 3MYJbCHOHHOTO 3epHa. O4YEBHAHO, €CaH OHl
Mbi HMEJH BO3MOXHOCTb NPOCACAHTb H3MEHEHHE BO BPEMEHH 3Hep-
THH AKTHBAIIHH [IPOABJIEHHA OTAEJbHOTO 3¢pHAa, MH HabawaanH 6ul
yMeHblleHHe e C YBeJHYEHHEeM I1IPOAOJKHTEIbHOCTH NPOABJICHHUSA,
TaK KaKk KOJHYeCTBO KaTa.iM3atopa (cepe6pa) Ha 3epHe B mpouecce
nposBicHHA Bo3dpacTtaer. CaenoBaTe bHO, MOXHO OXHAATH yMeHb:
LIeHHA ¢ C YyBeJHYEHHEeM NPOAONKHTENLHOCTH MNPOABJEHHA B TeX
CNy4adx, Koria npojOKHTEeJbHOCTb NPOABJAEHHA CJOA H OTIEJb-
HOro 3epHa NPHOJIH3HTENbHO OAHHAKOBH. 3TO, OYEBHAHO, AOJAXKHO
Ha6Al01aThCH B Tex CJyu4asX, KOria 3MyJbCHOHHBE 3€epHa B mpexe-
Jax JAHHOH 3MYJbCHH Maao pa3JHuyalOTCs Mexay cobol no sHepre-
THYECKOMY COCTOSIHHIO, T. €. TpeOyloT NPHMEPHO OJAHHAKOBOA Ha-
yaJabHOM 3HepPruH aKTHBAUWH mnposABiAeHHA. Takoe nosoxkeHHe, no-
HATHO, MOXET HMETb MECTO B CJYy4ae CH/JbHO CO3PEeBIUHX 3MYJABCHA
HJAH NJHTEAbHO XPAaHHUBIUHXCA CJOEB. YMeHblIeHHE 3HEPrHH aKTH-
BalUHH NPOABJEHHA ByaaH (e;) C yBEJHYEHHEM NPOAOJIKHTENbHOCTH
NpoABAEHHA MOXHO OOBACHHTb TaKXe TeM, YTO B Clyudae CHJAbHO
CO3pEeBIUHX 3MYJbCHA NPOABHTENL OKAa3nBA€T HA 3MYJbCHOHHHE
3epHa AeACTBHe, aHAJOrHYHOE AEACTBHIO CBETa, T. €. CO3MAET 3apo-
AbllH cepe6pa (UEHTPW NPOABJAEHHA) Ha Tex 3epHax, riae HX He
6o, B pe3yabTaTe Hero 3HEPrHs aKTHBALHH NPOABJIEHHA TAKHX
3epeH yMeHhluaeTcs.

9. ®H3HUecKOe COAEpPNAHHE SKCMEPHMEHTAAbHO OmnpeaeaseMbix
BE/AHYHH SHEPrHNN AKTHBALUWH NPOSBACHHA

Kak 6w.a0 nokasaHo Boile (pa3gea 5), TeMmepatypHhle 3aBHCH-
MOCTH KHHETHKH npofisieHHa ¢poTorpadHUecKHX CJOEB XOpPOWIO CJe-
AyIOT ypaBHEHHIO AppeHHyca, YTO AaeT BO3MOXHOCTb SKCNEpPHMEH-
TAaJAbBHO ONpenefATb 3HEPrHi0 aKTHBAUHH nposBJaeHuda. Buao noka-
3aHO Takxke (pa3aea 6), 4TO NpH pasNHYHHX crnoco6ax BHPaXKeHHA
CKOPOCTH mnposB/JeHHR (v) B OGOJABLIKHCTBE CJy4aeB MNOJAYy4aloTCH
OAHHAKOBHE MJH G/H3KHE 3HAYEHHA SHEePrHH akTHBAauUHH (¢). H3me-
HEeHHe CKOPOCTH AHPGDY3HOHHHX NPOLECCOB B NPOABAAEMOM CJa0€
He MeHseT BENHYHH 3HEpPrHH aKTHBAUHH NPOABJEHHA, T. €. AHPDYy-
3HOHHBIE NMPOLECCH HEe NMPEensTCTBYIOT ONpelesieHHI0 SHEPrHH aKTH-
BAllHH nposiBJeHHA (pa3aea 7). M3 BHeH3NOXKeHHHX MaTepPHAasNoB
C.elyeT, 4TO NPH OnpeAeeHHH 3HEPrHH aKTHBAUHH NMPHHATHM HAMH
MCUTOLOM MH ONpeaesieM NeACTBHTENbHO 3HEPruio aKTHBALHH MPoO-
ABACHHA, @ He AHPPY3HOHHBIX HAH KAKHX-JHOO APYTrHX NPOUECCOB.
[lpn 3TOM, OAHAKO, HAAO HMETb B BHAY CAEAYIOLIHE OGCTOATEAbCTBA.
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[Tpexne Bcero HEO6XOAMMO OTMETHTH, YTO B Te€x C.ayuyasx,
KOTAQ 3KCNEPHMEHTAALHO HAXOAMMAS BCJIHYHHA 3HCPTHH  MeHbIle
8--10 kkasa, MO, MH HE MOXKEM PA3.THYHTL, OTHOCHTCH Haiilenias
BCJIHYHHA K PEAKUHH NPOABJICHHS HJAH K AMDQY3HOHHBIM 1IPOLEeCCaM.

Caeayer UMeThb B BH1y, AdJjee, 0O6CIOSITEILCTBO, HA KOTOPOE Y XKe
ykasmBan [lxemc [12]: Mbl onpejensiem He HCTHHHLIE, 4 KAKYNIHECH
SHePrHH AKTHBAIHH pPEaKIIMH NPOABJEHHA, HOCKO.IbKY H3 3KCIEpPH-
MENTAABHO [0JIyYaeMblX BCJHUHMH 3HCPIHH He 3JHMHHHPOBAHA 3HEp-
THA HOHH3AUHH NPOABJAAIMIMX BEHLeCTB H INEPrus HX agcopOiun
Hd TA.TOMAHOM HJH CBOGOAHOM cepebpe (ecsH aacopObuHst HMeeT
MecTo). K coxaaenuio, 3HEeprusi HOHH3AIMH HIPOAB.ISIOIHX BElleCTB
H 3aBHCHMOCTb HMX OT TeMlepaTypbl H3YUYCHB O4YeHb MAJo; B C.Jyyae
THAPOXHHOHA, HANPHMEP, 3HCPrHH HEPBOR M BTOPOH CTylieHed HONH-
3allHH COOTBETCTBeHHO paBHBl 5,3 - 0,8 U 5,9 - 0,5 xxaa moas |25|.
CooTBeTCTBYIOILHE PE3Y.IbTATH 1.8 IPVIHX HPOABISIONHX BEURCTB
HAM HeW3BeCTHH. YTo kacaercsi sHEpPrHd ajacopOuHi NPOSBJISAIONMX
BEWEeCTB, TO 3KCMNEePHMEHTAJbHHIEC JaHHble 110 3TOMY BOUPOCY TaKKe
OTCYTCTBYIOT.

OueBHAHO, olipeaess YKA3aHHHLIM Bblllle CHOCOGOM BeJIHYHHLL €,
Mbl OIIpEAEJIAEM 3HEPTHIO AKTHBAILHH, OTHOCHULYIOCH KO BCell C.10XK-
HOH COBOKYIHOCTH Mpollecca NPOsiBJEHHHA, a He TO.1bKO K lIepBHY-
HON peaklHH B3aUMOAECHCTBHUS MOJeKYJ (MJIH HOHOB) IIPOAB.IAIOILETO
BEleCTBA C ra.JoreHuaoM cepebpa sMyJaLCHOHHBIX 3epeH. Tem e
MeHee, PACCMOTPELHHE 3aBHCHMOCTH 3THX BE.THUHH OT T€X HJH MHBLIX
¢akTopoB (HanpHMep OT CTeleHH CO3PeBAaHHA H coctaBa ¢oTorpa-
(HYeCKOH 3MYJbCHH) NO3BOJACT IPOCAEANUTH BJAHSIHHE HX HA HCTHH-
HYK) 3HEPrHI0 aKTHBAlUHH PEaKUHH IIPOSIBJIEHHUA B TOIl CTellenH, B
KAKOH HccnegyeMble (GakToOpbl He BAHMSIOT HA SHe¢PrHI0O MOHHU3AUHH
HJIH 3HEePTHI aACOpPOUHH NPOSBASIOUIHX BEULECTB.

Heob6xoauMo uMeTb B BHAY Aa.ee [15], 4TO 3KCHEPHMEHTA.1bHO
onpeaeaseMble 3HEPrHH aKTHBAaUMH & 1IPeACTAB.IAI0T CO00il HEKOTO-
pbi€ CTATHCTHYECKH YCPeAHEHHbIe BE.JIHYHHBI, OTHOCALIHECH K Npo-
fIB.1I€HHI0O COBOKYNMHOCTH Pa3JHYaloOulNXCd MO CBOMCTBAM 3MY.1bCHOH-
HLIX 3€peH, a He K OTAe.JTbHOMY 93MY.bCHOHHOMY 3epHYy, 10100HO
TOMY, Kak olpeje.iif CBETOYYBCTBHTEJIbHOCTh doTorpadHuecKoro
C.101, MH Onpeje1feM He CBETOYYBCTBHTEALHOCTbL OTAEIbHLIX 3epeH,
4 HEKOTOPY!0 CPeAHIOI BEJIHYHHY, CO31aBAEMYI0 3epPHAMH PAa3.IHUYHOI
CBETOYYBCTBHTeABHOCTH. OaHako, nockoabky o6pa3oBanne ¢oto-
rpapHueckoro M3o6paxeHHs onpeje.sieTcd NPOABJIEHHEM He OJHOTO
3MYJbCHOHHOIO 3€pHA, 4 HX COBOKYMHOCTbLIO, ONpepe.’cHHe ycpel-
HEeHHBLIX BEJHYHH NPEeACTABASEeT HHTEpPeC He MeHBLIIHIl, YeM oupene-
JIeHHEe 3HEPrHH AKTHBAUHH BOCCTAHOBJEHHUS OTIE.IbHBIX 3CPCH HJH
OTOE.1IbHHIX TpaHeil 3epHa.

B MeTtoaHueckOM OTHOUIEHHH HEOGXOJHMO VTOUHHIDL Cle O1HH
Boupoc. Kak Obi.10 110Ka3aHO Bbe (pasaes 8), 3Heprus aKTHBAIHH
NPOSAB.IEHHA C VBEJHYCHHCM 3KCNO3HILHH, KaK I1PaBH.10, YMEHbBIIACTCH.
Kpose toro, B 60OJBIHHCTBE CAYYdeB OHA H3MEHHETCs C YBU.IHUC-
HHEM HPOIOTKHTEAbHOCTH NPOABAeHHA, [To3TOMY HEe00X0AHMO yTOU-
HHIL., IPH KAKHX 3KCNO3HIMAX H IIPH KakHX 1PO10DKHTEJALHOCTAX
HpOsBICHHS CJaeayeT oupeaetdTh BeaH4YHHLL &, Ilockoawbky ¢ yBe-
JIHUCHHEM YKCHO3HIHMHM BeJIHYHHA & CHHKACTCH A0 HEKOTOPOIO lipe-
~£13, y100HO NPHUHHMAThL BO BHHMAaHHe HMEHHO 3TO HaHMeHbllee
3nauenue ¢, Taxk Kaxk nauMenbliee 3HAYEHHE z, YANle BCCTO JACKHT

i i

B Haya.ae 00.14CTH HepelepxeK, & 11e.1ecoo0pasHo olpe1esiTh HpH
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3KCNO3HIUHH, COOTBETCTBYWOIlEel BEepXHEA HYACTH HPAMOJHHEHHOTO
y4YacTKa XapaKTepHCTHYECKOH KpHBOH. UTO KacaeTCs NMPOLOJIKHTEAb-
HOCTH MNPOSIBJEHHA, TO B Te€X CJydyasaX, KOrAa 3HEPrHs AaKTHBAIHH
OCTaeTCsd NOCTOAHHOA B HEKOTOPOM HHTEpBaJjieé ONTHYECKHX MNJOT-
HocTefl, y100HO HMEHHO 3Ty BeJHUYHHY & NMPHHHMATb BO BHHMAHHE,
B apyrux cayuasix HeoO6XOAHMO OroBapHBaTh, K KAKOR ONTHYECKOR
NMNAOTHOCTH OTHOCHTCH BEJHYHHA e.

10. 3aBHCHMOCTb SHEPrHH AKTHBALUHWH TPOSABAEHHA OT CTENeHH
co3peBaHns M cocrasa gotorpadHYeCKOA IMYAbCHH

Mocae Toro, kKak MH pPacCMOTPeJH METOLHYECKHE BOMPOCH ompe-
ReNeHHA 3HEPTHH aKTHBAUMH MPOABJACHHA ¢(oTorpadpHuecKHX cloeB,
HeO6XOAHMO TNPOCAEAHTh 3aBHCHMOCTh 3HEPrHH aKTHBaUHH OT pas3-
AHYHHX GAKTOPOB, OTHOCALWHXCA KakK kK npossaseMoMy ¢oTtorpadu-
YecKkoMy CJ010, Tak H K npoaBurenio. O6paTHMCsl mnpexae BCero
K 3aBHCHMOCTH 3HEpPrHH AaKTHBAUHH IIPOABJEHHA OT CTENEHH XHMH-
Yyeckoro cospeBaHus ¢otorpadpuueckoft smyabcuu [15, 16]. OcnoB-
HHE pe3yabTaThl HCCAEAOBAHHA 3TON 3aBHCHMOCTH BOCHPOH3BEeAEHH
B TaGaHue 8.

Ta6anwua 8

3aBHCHMOCTD SHEPrHH AKTHBALHK DPOSBAEHHR (= KKaA[MOAD)
OT CTeneHW co3peBaHnn QOTOrpadHYEcKOR SMYAbLCHH

AMyabcHn

Mpoaoaxn- |[—

TeAbHOCTH ;
sTOporo N 6 N 7 N 8 N 71

CO3pEeBaAHHUA,

by &f €y ae & ¢ Ae e g e | o g Ae

15 Munyr 36 | 0 6| 39| 30 913 [ 28 8| — | —

1 wac 35 | 20| 15| 38 | 20|18 | 32| 14 | 18 | 37 | 31 6
2,5 uaca 32 (102135 14§21 | 2815} 13 )] 26 {15 11
4 uaca 19 | 12 7123 14 9] 2 | 14 412 | 17 3
6 yacos -_ -} -] = =}~ - —=]1—1]118]16 2
8 vacos -] - -] ===} =1=]1—116]12 4

10 wacos -—-—-——|—~——--10 14 | —4

MaTtepHaan, OTHOCAUIHECR K PacCMAaTPHBAEMOMY BOMNPOCY, HMe-
OTCA Takxe B Ta6anuax 6 m 7. B TtaGanuax 9 u 10 npHBeseHH
AONONHHTENbHHE MaTePHAaAH, OTHOCAIHECH K 3aBHCHMOCTH 3HEpPrHH
aKTHBAUHH 1PORBJIEHHS OT CTENEHH CO3PeBaHHA 3MYAbCHH. AHaaH3
BCEeX MPHBEAEHHLX MaTepHa.oB (Tabanuuw 6, 7, 8, 9, 10) nossoaser
NPHATH K CAEAYIOUHM BbBOAAM.

B npouecce BTOporo co3apeBaHHd ¢ororpapHyeckoit 9IMYAbLCHH

. H3IMEHAIOTCA Be.IMYHHbH 9HEPrHH AKTHBAUHH NPOABJEHHA KAK H30-
6pa«eHHsA, TaK H ByaaH.

SHeprus aKTHBAUHWH NPOABJIEHUA Byanu (s) C yBeAHUCHHEM MNpo-
AONXKHTENbHOCTH CO3peBAaHHA YMEHbIIAeTCH. "Buavase (mpH Maamix
NPOAOJKHTENbHOCTAX CO3peBAHHA) 3TO YMEHbUIEHHE MNPOHUCXOAHT
AHIWL B MaNofl cTeneHH (TaK, HanpHMep, KaKk BHAHO H3 TabauHuH 9,

8
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3aBHCHMOCTD SHEPrHH AKTHBALUHH MPOKBACHHS (t KXAA/MOAb), OTHECEHHOR K PASAHYHLIM ONTHYECKHM NAOTHOCTRM,

OT cTeneHH cospesanHns GoTorpadHuecKoR SMyabCHN (IMyabcus N 60)

Ta6anua 9

ty

OnTHYeckHe NAOTHOCTH, NpH KOTOPHX OonpejeaeHbl BEAHYMHH ¢

1,0

0,2 0,4 0.6 0,8 1,2 1,4 1,6 1,8 2,0 2,2 2,4 2,6

15 MHH. 34 35 36 36 — — _ - — —_ —_ — -

1 wac 32 35 36 — — — — - — - — — -

K 2,5 yaca 26 27 — — — - — -— —_ — — — —

4 vaca 17 18 18 18 18 — —_ — — — _ — —_

15 MHH. 27 30 .| 3l 31 31 31 31 —_ — - — — —

Yy 1 uac - 12 16 17 20 23 26 7 — — - —_ -
(IgH;=—0,5) |25qaca|{ — 12 12 12 12 18 13 13 13 14 14 15 15
4 vaca 12 12 12 12 1n 12 12 12 12 12 13 13 13

15 MHH. - 14 16 16 17 16 18 29 21 22 23 24 24

.‘ 1 4ac — — — —_ — —_ - - 12 14 16 18 21

(Ig H,=0,7) 2,5 yaca - - - - - - - _ _ _ _ _ _
4 vaca — - 9 10 10 9 9 10 9 9 8 8 8
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LR VP

3aBucuMoOCcTD SHOPrHHE AKTHBAUNN NPOABACHHS (s KXAA MOAD), OTHECEHHOR K PA3ANYNMM ONTHYECKHM NAOTNOCTSM,

OT cTeneHn cospesanns GoTorpaduueckof SMyABCHH (Suyascus M 82)

-

f“ Onruwecxue NXOTHOCTH, NPH KOTOPWX ONpeA€NeHh BEAHUHHNH ¢

(vac) 0,2 0.4 0.6 08 | 10 | 1,2 | 1,4 16| 1.8 20 22| 2.4 ] 2.6

1 31 34 35 - - - - - - — - - —

2,5 2 27 30 31 - — — - - - — - —

. 4 2 23 24 25 2% — - - - - - - -

/ 6 16 17 18 19 19 — - - - — — - —

8 - 19 17 16 16 — — — - - - — -

10 - 19 17 16 15 15 14 - - - — - —

1 19 19 19 21 2% 29 30 32 — — - - —

2,5 - 16 16 16 16 16 16 15 15 16 16 18 20

oy 4 - 16 15 14 15 15 16 16 16 16 18 19 20
(gH=—05 | 6 13 14 14 15 15 16 16 16 17 - - — —
8 - 18 18 17 16 16 16 - — - - — —

10 19 18 17 16 15 15 15 14 - — - - -

1 - 12 12 12 13 14 16 19 21 % 2% 29 -

2,5 - 12 12 13 13 13 13 - - - — - -

Y 4 8 8 8 8 8 8 8 8 9 9 10 10 10

(g Hy=0,7) 6 - 14 13 12 12 u 10 10 10 10 1 1 12
8 - - 14 13 12 12 12 1 1 10 10 1 1

10 — 18 15 13 13 12 1 1 10 10 10 9 10
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npH 15 MHHyTax H | uace CO3pEBaHHS BENHYHHH &, MOUTH HE pas3-
anyaorcd). [Tocse AOCTHXKEHHS MAaKCHMyMa CBeTOYYBCTBHTEJbHOCTH
(B HalIMX ONMHTaX OH 6HJ JOCTHTHYT NMPH 2,5—3-X 4acax CO3peBa-
HHAl) CKOPOCTb yMEHBUIEHHS BEJIHYHH ¢, C YBeJHYEHHEM TNpPOAOJKH-
TEeAbHOCTH CO3peBaHHA yBeJHYHBaeTcH. [IpH 3TOM, OAHAKO (YTO OYEHD
CYUleCTBEHHO), HH B OJHOM H3 MHOTOYHCJEHHHX ONHTOB He Hab.aio-
Aan0Ch CHHXEHHS 3HEPTHH e, 0 BEJIHUHH mopsiaka 6—8 xxas mors.
JlpyruMH CJOBaMH, HH B OJHOM CJy4ae CKOPOCTb NMPOSABJEHHA Byaad
He 6HJa JHMMHTHPOBAHA TOAbKO AHPPY3IHOHHHMH MPOUECCAMH; BO
BCeX CAyuyasix NpPH NPOMABJEHHH ByaJH pPeakUHs A0JxHA 6Haa npe-
OAO/NEBATh 3HepreTtHueckuit Gapbep. TONbBKO NHPH 3ITHX YCAOBHAX,
KaK cJeiyeT M3 Halled KOHUENUHH, BO3MOXHO H36HpaTe/ibHOE npo-
fiBJeHHe ¢oTorpadHyecKkoro caod.

JHeprufi aKTHBAUHH NPOABJAEHHS H306paxceHHd (g,) TaKXKe yMeHb-
WaeTCcH ¢ yBEeAHYEHHEM NMPOAOKHTENLHOCTH co3peBanus. [IpH stom
BE€/JHYHHH ¢, OTHOCALIHECA K BepXHeR 4acTH XapaKTEPHCTHYECKOR
KPHBOM, NPH HEKOTOPOH NPOAOIKHTEIbHOCTH CO3peBaHUs, HECKOAbKO
npeswuwaomwen t (B HAIWIHUX ONMHTAX NPH 4-X yacax CO3PEBaHHA), CHH-
KAlOTCA A0 BEeJHYHH, KOTOpPHE AOMXKHB ObITb OTHECEHH K TeMIle-
paTypHBIM 3aBHCHMOCTAM AHGGy3HOHHEX npoueccoB. [pyruMu cio-
BaMH, YYacTKH ¢ortorpadpHieckoro caos (HM3roTOBJEHHOIO H3 XO-
poWO CO3peBLIEH 3MYJAbCHH), NOJYYHBIUHE O6OJbWIYIO 3KCMO3HULHIO,
B HEKOTOPHX CJAy4afax NPOfBJAAITCA NPH HYJEBOH 3HEPTrHM aKTHBA-
UHH peakLUHH BOCCTAHOBJEHHSA cepebpa.

O6pawaer BHHMaHHe HA ce6 TO OOCTOATENBCTBO, YTO 3HEp-
FrHA aKTHBAUHH e, HAYHHAA C HEKOTOPOH MNPONOJKHTEABHOCTH CO-
3peBaHHus, OTYETJHBO BO3pacTaeT (B HalIHX ONHTAX nocje 4-X 4acos
co3peBaHHs; GaKT NPOXOXKAEHHA KPHBOR ¢, —f| yepe3 MHHHMYM Obin
oTMmeueH paHee B pabote [6]). YkazaHHoe yBeJHYeHHe g ABAAETCS
NPH3HAKOM TOrO, YTO SMYJbCHOHHHE 3€pHAa NPH AJHTEJbHOM Bpe-
MEHH CO3PEBAaHHA TMOABEPraloTCA JAeCeHCHOHAH3AUHH. JTa JAeCeHCH-
6HaH3auMd ABASETCH OJHOM M3 NPHYHMH NANCHHS CBETOYYBCTBHTE.b-
HOCTH NpH AJHTeJbHOM co3peBaHHH. [lpaBiaa, OCHOBHOR ¢axkTop
CHHXEHHA CBeTOYYBCTBHTENbHOCTH NPH I/JHTEJbHOM CO3peBaAHHH—
poct Byaad (BeJHYHHA CBETOYYBCTBHTE/NbHOCTH NMPH JI060M pasyM-
HOM cnoco6Ge BHpaXKEHHS CBsS3aHA C PA3HOCTBHIO ONTHYECKHX MJOT-
HoCTel H3o6paxenns H Byaau). OJHAKO MOXHO JOKa3aTb, 4TO POCT
BYaJH—HEe eJHHCTBEHHHA PaKTOop, NPHBOAALHA K CHHXKEHHIO CBETO-
YYBCTBHTE/JbHOCTH NPH AJHTEJbHOM CO3PE€BaHHH 3MYJbCHH.

OnTHYeCKNEe NAOTHOCTH CEHCHTOTPAMM SMYAbLCHH, MOABEPrHYTOR Pa3anuHoOH
YuOucoBa; ONTHYECKHE NAGTHOCTH AAHBI

t Byaap| g H;==--1,7 IgH,=—1,4 Ig Hy=--1,1 lg H==—0,8
1 uac 0 0 0 0,02 0,06
2,5 vaca 0 0,02 0,09 0,26 0,58
4 yaca 0,02 0,03 0,09 0,28 0,48
6 wacos 0,16 0,16 0,18 0,33 0,48
8 yacos 0,23 0,23 0,24 0,30 0,36
10 vacos 0,32 0,32 0,32 0,32 0,40
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EcaH 60 masjeHHe CBETOYYBCTBHTEALHOCTH NMPH RJIHTEJBHOM CO-
3peBaHHH O6LlJO OOGYCJNOBJIEHO TOJbLKO POCTOM ByaJslH, ONTHYECKHE
NAOTHOCTH H300paKeHHd, OTHOCHUIHECH K BepPXHER 4acCTH XapakTte-
PHCTHYECKHX KPHBHIX, JAH60 BoO3pactajH (BCe Gosee MeAJIeHHO C
yBEIHYE€HHEM MNPOJONIKHTEJLHOCTH CO3peBaHHA), AHO6O OCTABaJHCh
6e3 m3meHeHHA. B nefAcTBHTENbHOCTH, OHAKO, OHH MPOXOART uepe3
MakcuMyM™ (cM. Tabauny 11 u puc. 4). B Ta6auue 11 npeacraBieHn
ONTHYECKHE MJOTHOCTH NPH OJHOM H TOM Xe€ BPEMEHH MNPOABJEHHS

CEHCHTOrpaMM 3MYJbCHH, NIOABEPrHyTOH pa3JHYHOR CTENEHH BTO-
poro Co3peBaHHA.

Jlanune 3TOA TaGAHUH TOBOPAT O TOM, YTO C YyBeJHYEHHEM
NPOACAXKHTENbHOCTH CO3pPEBaHHA ONTHYECKHE NAOTHOCTH BYalH He-

’
20 .
[}
_(5
¢t
@}
0}
as
aé
as}
q2

Puc. 4. 3asncumocTb onTHueckux naorHocred (D)
npN Pa3sAHYHHX Koamuecrsax ocsemenns (H) or
NPOROMNKMTEALHOCTH BTOPOro coapesamms (t)))
NPH NOCTONHHOA NPOACAKNTEALHOCTH mNpoABAe-
HHA (2 muu., 15°C),
OGeamavexnus xpusMX:
1.gH =07, 2. 1gH =01; 3. IgH = — 08

TaGauna 11

cTencnn ceapesanns (npossacnne 2 unmnytu npn 15°C s mpessurtexe
S8 BHYCTEM RAOTHOCTH ROANONXN)

IgH;=-0,5 | I1gHe= 0,2 | 1gH,=+0,1 | 1gH=+0,4 | 1gH=+0,7
0.11 0,22 0,46 0,68 0,86
0.9 1,18 1.45 . 1,66 1,90
0.73 1,02 1,3 1,64 1,88
0,73 1,02 1,3 1,64 1,86
0,54 0,78 1,00 1,3 1,54
0,53 0,67 - 0,87 1,09 1,34

w
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NPepHBHO PacTyT, a ONTHYECKHE NJAOTHOCTH D, moae#i, cBOGOAHHX
OT ByaJH, BHayane BO3pacCTaloT, a 3aT€M MNafaloT. ITH OTHOLIEHHSA
NpeACTaBAEeHH TaKke Ha puC. 4. CeayeT 3aMETHTb Takxe, YTO NpH
6oablieR NPOAONKHTENBHOCTH H 60/bILER TEMNEPAType NPOABACHHS
BO3paCTaHHE ONTHYECKHX MAOTHOCTEH ByaJH C NPOAOMIKHTEABHOCTBIO
CO3peBaHHA yCHAHBaeTCd, a H3MeHeHHe [, CTaHOBHTCH MeHee OT-
YeT/IIHBHM, MNOCKOJbKY, OYEBHAHO, NAOTHOCTH D, npubauxaworcs
K pPaBHOBeCHHM COCTOSIHHSM.

Kak yxe ortmeuanoch Bwine (padaea 8), nwo6as ¢otorpaduue-
CKas 3MyAbCHA NpeACTaBAfeT CO6OA HaGOp 3MYAbCHOHHHIX 3epeH,
Pa3sAHYAIOIKXCA MO BENHYHHAM SHEPIrHH aKTHBAUHH NPOABAEHHSA (e),
T. €. HMEET MECTO HEKOTOpOEe pacfnperesleHHe 3MY.IbCHOHHHX 3€peH
NO BEJAHYHHAM e&. B CBA3H C 3THM C YBEJHYEHHEM NpPOAOMIKHTENb-
HOCTH NPORBJAEHHA YBEJHYMBAETCS H IHEPrHs ¢, MOCKOJbLKY B mep-
BYi0 OYepeab HPOABAAIOTCA 3€pHa, TpeSyiollHe MeHblieH IHeprHH
aKTHBAUHHK. [IpH BTOpPOM CO3peBaHHH, B pe3ynbTaTe XHMHYECKHX
npoueccoB Ha MOBEPXHOCTH 3MYAbCHOHHHX 3€peH MocJelHHe CTa-
HOBATCA 60nee NaGHALHHMH, SHEPTHA AKTHBALHKH NPOABJEHHA YMEHb-
waercd. Ho 3To yMenbuenHe A pa3HBIX 3My/IbCHOHHHX 3epeH
NPOHCXOAHT B Pa3HOH CTeneHH. [IpyrHMH CAOBaMH, pacnpeaeneHHe
3MY/JbCHOHHHIX 3€peH MO BeJMYHHAM ¢ H3MeHseTcs. [lo mepe yse-
JHYEHHA MPONOJKHUTEIbHOCTH CO3PEBANHSA, KaK BHAHO H3 Ta6aulu 6,
9 u 10, aHeprua e ocTaeTcs NOCTOAHHOA BO Bce G6oJsee WIHPOKOM

N

£

Puc. 5. Cxema M3MenenHs pacnpefenrenus Yucaa

(N) 3SMYAbCHOHHBIX 3€pen N0 BEAHYHIANM SHEPruu

AKTHBAUMH (8) B 3aBHCHMOCTH OT NPOAONKHTEND-
HOCTH BTOPOTO CO3pPEBaHHA.

O6o3naueHne xpPHDHIX:

1 — Maaa% NPOAGANHTEILHOCTE COIPEsaHNN.
2 - AANTEALHOE CO3PEBAHNL

HHTEpBaJe ONTHUYECKHX mnAOTHOCTeH. Ha OCHOBaHHH 3THX AaHHMX
MOXHO NPEACTAaBHTb CXeMYy H3IMeHEHHA pacnpepeneHus uucaa (N)
3€pPEH MO BEJHYHHAM 3HEPIHH AKTHBAUHHM € B 3aBHCHMOCTH OT IIpO-
AONKHTEALHOCTH CO3PEBAaHHA (PHC. D): C yBeAHYEHHEM BPEMEHH Co-
3peBaHusa KkpHBHe N —: CTaHOBATCA 60./€e Pa3MBITHMH, NPHYEM
MIKCHMYM H BCH KPHBAfl CMEILAIOTCH B CTOPOHY MEHBbLIMX BEJHYHH €.
YKa3aHHHA Xxo4 H3MeHeHHRA kpuBHX N —e HMEET MecTO 40 TOro
MOMEHTA CO3PeBAHHA, KOrAa BCAHYHHL € HAYHHAIOT BHOBbL BO3pa-
CTaTh, T. €. 10 MOMEHTAa HA4a/Na A€CEHCHOHAH3AUHH 3MYAbCHOHHHX
3epeH B npoiecce co3peBaHHs.
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Ha6/M04aeMsM OTHOIIEHHAM MOXHO 1aTh caeAyiouiee oSbacHe-
Hue. B npouecce XHMHYECKOrO CO3PEBAHHS SMYALCHN TNPONCXQAMT
o6pasopanHe H POCT UEHTPOB CBETOUYBCTBHTEALHOCTH. Lleurp coe-
TONYBCTBHTEALHOCTH, HAUMHAA C HEKOTOPOro KPMTHYECKOIO COCTOA-
HHA, NPEBPALIAETCS B HEHTP NPOABACHAN (LEHTP BYANHPOBAHMR).
JlpyrHMH CAOBAMH, C MOMEHTAa NOCTHXEHHS KPHTMRECKOro COCTOA-
HHS UEHTP CNOCOGEH B TAKOH CTENEHH CHHXATHL SHEPrMIO AKTHBALAK
BOCCTAHOBJEHHA cepebpa, HUTO SMYJILCHOHHOE 3€pHO CTAHOBHTCH
AErKO NPOABAAEMBIM.

Hau6oxaee mutencusHo (T. €. ¢ HanboavledA CxOPoOCThbIO, Oonpene-
ASeMOf UMCJOM NPEBPAMAGMHX LEHTPOB 32 eXHHHLY BPEMERH) npe-
BpallleHHe UEHTPOB CBETOUYBCTBHTENLHOCTH B UEHTPH NPOABJICHHE
NPOHCXOAMT TMOCAE TOrO MOMEHTA CO3peBaHHA, KOraa AOCTHraeTcH
MAKCHMYM CBETOWUYBCTBHTeABHOCTH. Pasymeercs, C MenbueR cko-
POCTBIO OHO NMPOHCXOAHT B SMYABCHAX MeHblleA CTeneHH co3pe-
panus. [TOHATHO NOSTOMY, NMOYEMY SHEPrHs AKTHBAIHHK NPOSBACHHA
ByanH CHHXaerci oco6eHHO OHCTPO NPHMEpHO C MOMEHTa AOCTH-
XeHMS MAKCHMYyMa CBETOYYBCTBHTENbHOCTH. Bmecte ¢ TeMm #uCHO,
NTO NPHMEPHO C 3TOrO MOMEHTa NMPeKpallaeTCsi CHHXKEHHE SHEPruH
AKTHBALHH NPOABAEHHs H3oGpaxenus. CaeayeT HMETb B BHAY NpH
_9TOM, 4TO B NpOlleCCe CO3peBaHHA HE TOALKO pacTyT HMEUHECH
UEHTPH, HO W o6pa3yloTcs Hosue. OGpasoBaHHe HOBHX LEHTPOB,
NO-BHAKMOMY, NPOHCXOAHT HaAH6OAEE HHTEHCHBHO TOrAa, KOraa 3Ha-
WHTeAbHAS YacTh MOBEPXHOCTH (a He OTAE/NbHHE MEeCTa) SMyAbCHOR-
HHX 3epeH CTAHOBUTCA NaGHABHOHA, T. €. B MO3AHHX CTAAHAX CO3pe-
sanHs (npu t > 1). [TOHATHO, 4TO MHTEHCHBHHA POCT YHCJAA NEHTPOB
NpH OTHOCHTEAbHO MEAIEHHOM YBEAHYEHHH HX PasMepoB AOAXEH
NPHBOAHTL K NECERCHOHAH3AUMH 3epeH, Tak Kak G6OAboe HHCIO
OTHOCHTEABHO MEJAKHX SJEKTPOHHHX JOByuUleK Ha 3epHe CO3AaeT
6oAce MAH MEHee PaBHOMEpPHYIO KOHKYPEHLHIo 3a o6Gnananue ¢doto-
SAeKTPOHOM.

MoMAMO CTeneHH CO3peBaHHA, SHEPrHA AKTHBALHH NMPOABJECHHA
SABMCHT TaKXe€ OT coCTasa ?omrpa(puqecxon suyabcHH. B panee
ony6ankoBaHnux paorax [15, 16] G6uaa mccaeaosasa 3aBHCHMOCTD
SNePrMM AKTHBAllHH MPONBACHHN OT COCTaBa KpHCTanauveckoR dasu
dororpapuueckof smyancud. Buao Hallaemo, 4TO yBeAHuEHHE co-
Aepxanun foauaa B GpomocepeSpaHOA 9MYABCHH yBEeAKYHBAET
SHEPrHI0 AKTHBALUHH NPORBACHHA, YTO COraacyercs.c pe3yaAbTataMu
Cyran u ®PypyHuH [29r YseaAnueHHe COAEPXAHHA XJOPHAA B SMYAb-
CHH, HAMPOTHB, NPHBOAHT K CHHXEHHIO SHEPrHH AKTHBALHH Npo-
SBJACHHA *).

11. Bangnne NPOTHSOBYAANPYIOUINX N CTAONANSNpYIOUNX
BEUICCTS HA SHEPriIO AKTHBALMN NPOSBACHNS

B doTorpadHyecKux SMYABCHAX BCErja HMeeTcs HEKOTOpoe KO-
AHYECTBO CBOGOAHHX HOHOB 6poma. [lposBHTenb Takxe, Kak mpa-
BHAO, COAEPKHT HEKOTOPOE KOAMYECTBO CBOGOAHOrO 6pomuaa. Honu
6poMa B 3MY/NbCHH H B MPOsABHTEJE MNPENATCTBYDOT OLiCTpOMY pO-
CTy ByalH B mpouecce NpOABJACHHS, T. €. OKa3WBAIT NpOTHBOBYA-
AHpywOlIEE AeACTBHE.

*) OGMACHEHHE YKA3AHHHK 32BMCHMOCTER RaeTca B panee onyGanKOBSHEMX
padorax (15, 16].
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'OAHAKO, HECMOTPA HA yKasaHRoOe NPOTHBOByaAHpyIIee Aefcr- |
BNe, ‘B COBpeMeRHOR ¢ororpadHUeCKOR TeXHONOTHH -HabALZAaCTCR
TeBACHIMA K CHAMEHHIO KOHHCHTPALUHH HOHOB GPOME B SMYALCHH
(yseauuenne pBr). D10 o6ycnoBieHo TeM, NTO yBeaAHYeHHe pBr
SMYABCHH OJAArONPHATHO CKA3HBAETCA B CMHCAE NpPeAOXPAHEHMS
$OoTOrpadNuecKHX CAOEB OT TAK HA3LBAEMOrO ,aHOMAJNBHOTO® CTa-
peuun (30, 31, 32, ymenbmaer oTkr0HEHHS (oTOrpadHUECKUX CAOEB
OT BSANMO3AMECTHMOCTH {32], npenATCTBYeT pErpecCHH CKPHTOro
H3o6paxenns [34], cnoco6cTByer B page caywaes onTHYECKOA CeH-
cuGuamsaunn w Ap. Jax npeaoxpaneHHA xe OT Bya/nHpPOBAHHA B
¢dororpaduieckwe SMYNBCHH BBOAAT TaKk HasHBAEMHE CTaGHAH3a-
vopu. XopowHM CTaGHAHIATOPOM RBANETCE 5-MeTHA-7-OKCH-2,3,4-
TPHA3AHHAOAHUMN (CTa-COAB).

HspectHo, 4TO CTAGHAH3ATOPH TaKXKE OKASHBAKT NPOTHBOBYAIH-
pyomee nefcTBHe, NPENATCTBYA OGPA3OBAHHIO ByaAH NpPH XpaHEHHH
doTorpadHUECKEX CAOeB H NpH BHCTANBAHHH ¢oTorpaduueckux
SMyAbLCHA NpH BLCOKOR TeMmepaTtype (B YACTHOCTH nepex MOJMBOM
Ha ‘noanoxky). [To csoemy meficTsuo, OAHAKO, ONTHMAABHEHE CTaGH-
AH3aTOPH (HANPHMEp CTA-COMb) OTAHYANTCH OT THNHYHWX NPOTHBO- .
ByajAHpyOmHUX BewecTs (manpumep GeH3oTpuasoas). Beesenue TH- |
NHYHOrO NPOTHBOBYAANPYIONIErO BEmIECTBA B SMYAbCHIO UPHBOAHT |
K CHHXEHHIO CBETOYYBCTBHTENLHOCTH N ACHPECCHH ONTHUECKOR CeH-
CHOMAR3ALMH, B TO BPEMN K&K CTAGHANSATOP NOYTH HE OKA3HBAeT
AeACTBHS Ha CBETOUYBCTBHTEALHOCTh B ONTHIECKYI ceHcHOHau3a-
umo. [lpn BBeACHHH B NPOABHTE b NPOTHBOBYAAHPYOLIEE BEMECTBO
B SHAYHTE/LHOR CTENEHH YBENHYHBACT CEACKTHBHOCTb NMPOABJACHHA,

a crabmamsatop (CTa-CoNb) MOYTH HEe OKASHBACT BJAHAHHA Ha H3GH-
pateAbHHRt Xapakrep nposBaenus [35]. .

B panee ony6auxoBanuo#t paGore [17] 6ua0 nmokasawo, yto BBe-
aenue Opomuaa Kaaus HAH Gexsorpuasona B ¢oTorpaduueckyio
SMYJBCHIO HAH B NPOSBHTEJNb NPHBOAHT K YBEJHYEHHIO SHEpPruu
AKTHBALHH nposBaeHHA. [Ipu stom B GoabweR cTeneHH yBeaHUH-
BAETCH SHEPrHA AKTHBALHH MPOABJIEHHA BYaAnm (s)), 4eM SHEPrus
AKTHBALIAH NPOABACHHA H306paxenHs (s), B pesysbTaTre 4Hero pas-
HOCTbL As =8 ,—s, BO3pacTaer. Bospactanue As nNpHBOAMT K yBenHue-
HRIO CeJIEKTHBHOCTN mposBaeHHA. B rtaamue 12 aamm pesyabtaT,
B3AThME M3 ykasaHHOR crgrsuél?] B BHAJMOCTPHpPYOLIME BHILIENPHBE-
AeHnne BuBOAM. Beausnnu U Buuscaens no ¢opmyae;

t(D,=0,3)
V=198

B yxasausoh paGore [17], oaHako, ne GH/IA HCCACAOBAHA 3aBH-
CNMOCTh SHEPrEM AKTHBAUHH NPOABAEHHN OT COAEPKAHHR CTaGHIH-
3atopa B Qororpadpuueckoft sMyabcHH. Huke npuBesenw pesy.b-
TaTh ONHTOB MO HCCAEAOBAHHIO STOA 3aBHCHMOCTH.

Bpomocepe6panas potorpapuueckas smyabcus (¢ 2 moa. % AglJ)
BO BTOPOM CO3peBaHHH GnAa pasneseHa Ha ABe YaCTH. B oamy H3 HHX
B MOMEHT, HEMOCPEACTBEHHO NPEeAeCTBYIOWHKA AOCTHXKEHHIO MAKCH-
MyMa CBETOYYBCTBHTeJbLHOCTH (2,5 uaca) 6ba BBeAeH CTAGHAH3ATOP
(cra-conn) u3 pacuera 1-10-5 moas Ha 1 2 e aTHHH, nocae uero GHAO
NPOAOAXKEHO cOo3peBaHHe O6eux yacTed sMyabcHH. [T0AHB 9MY/bCHH
Ha NAACTHHKH NMPOBOAH/CA B MOMEHTH BTOPOrO CO3peBaHHR — 2,0
H 4 waca. [las npoaAB/eHHA HCNOALIOBAAH NPOsBHTEAb UHOHCOBA.

1)
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TaGanua 12

Basanne GpoMnAa xaaug B GEHSOTPHASOAR HA BEANYNNL SHOPrNR AKTHBANNN
mpessaenus (s) u crenenx n3Gupateannoro aeficrans npossnreas (U)

o ¢ | Ae | U (15°)

NatGoparopnan suyascus MNe 83; 4,5 waca cospesanns;

- 083 ROBBBOK . . . . . s . v e e e e e e e 25| 16 9 180
NaGopsropnan suyancHs M 83; 4,5 waca cospesanis; '
cunorpnaolgu ............ p ... 4] 16| 18 550
flaOopatopunu suyascus M 105; pBr=2,0 . . . .| 3 17 ] 18 600
JlaGoparopuas suyascus N 106; pBr=2,9 . .. .. 2| 17 ] 12 336
HumoprHan asponaenxa; » npossnrese KBrO2/a . .| 17 ]| 10 7. 85

. . . KBrlzja..| 27| 10] 17 200

. . . KBr2za..| 20| 11 ] 18 240
JlaGopatopras SMYABCHA; B NpOmABHTENe OEH3OTpHA-

soa0z/a..... B 23| 13|10 390
JlaGoparopHas SMYAbLCHA; B nposasnrexe Gensorpha-

080,002/4 . ... .. . e ee 28| 14 14 1900
Jla6oparopras sMyabcua; B npossrrexe GeH3OTpHa- ‘
3080,22/8 . ¢ .. 000ttt | 1317 3200

Ta6aunna 13

Bansine SPEACHNS CTA-COAN B POTOrpaduyuecKyio SNyasCno Na BeANINHM
SHEPFUN AKTHBALNK (5) W CEACKTHBNOCTN RPONBACHNS

D {0,2/0,4(0,6/0,8{1,0/1,2{1,4|1,6] U 15°| U 25°
1. ITpodoacumessKOCms cOIpesanss 2,5 saca
&y il | —-—=]|=—=|—-]-
Auyascua 6e3 cra-coam wl=|=1=12]13|1a|13]13 1030 440
vy ||| |~|—-]|—|—-]|— f
Co cra-coasm ol -1=t=1l12]1a]1a|13]1s 1030 440 . ;
2. [Ipodosxcumessnocms cospesanus 4 saca l
g |19121121 (222212 | — ) — :
3uyancus 6e3 CTa-coau o l—|=1=113|14]15]15]15 210 145
gyl 24|V - —]|—-|—-|— :
- 4
Co cra-coabio ol=]=1-112{18]18|13}13 1030 ‘4‘0

PesyabTaTH OAHOrO H3 OMLITOB NpPEACTaBAEHH B Tabauue 13, H3
KOTOpPOR BHAHO, 4TO BBeAEHHE B SMYJAbCHIQ CTaGHAH3aTOpa B Ma-
AMX, NPaKTHYECKH NMPHMEHAEMHX KOAHYECTBAX HE NPHBEJ]O K M3Me-
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HEeHHI0O CEAeKTHBHOCTH M SHEPrHM aKTHBauWH npossaeuus. [lpasaa,
pasee 6ua0 oTMeueHo [16] ue6oabwoe yBe/IHUEHHE 8, NPH BBEACHHH
CTaGHAH3ATOPA B SMYJAbCHIO, HO NOBTOPHHE ONHTH HE MOATBEPAHAH
sToT peayabtar. JlecTBMe MaaBX KOJAHYECTB CTalHAH3aTOpA B
9MYJIbCHH 3aKAIOYEETCA He B TOM, YTO OHH H3MEHSIOT 3HEPTHIO aKTH-
BAIlHH NMPOSIBJEHHA, & B TOM, YTO OHH PE3KO TOPMO3AT CO3peBaHHE
sMynbCHH. Kak BHAHO H3 Ta6baHub 13, NPH AJHTEALHOM CO3PEeBAHHH
(4 uaca) sMyabcuu 6e3 crabHan3aTopa HaGAI0AaeTCH CHHXKEHHe SHep-
THH KTHBALHH MPORBAEHHA BYaaH (s,) W yBeNHUEHHE SHEPTHH AKTH-
BaUuWd NposBAeHHA H306paxeHHs (s), B pe3yabTate 4ero Cyiuect-
BEHHO YMEHBIIATCH BEAHYHHH CEAeKTHBHOCTH npossaenus (U).
OAHAKO SMYABCHR, COAepXaua® CTaGHAH3ATOP, NPH AJHTENLHOM
CO3DEBAHAN COBEPIICHNO HEe MEHNET CBOHX CBOACTB: SHEPrHf aKTH-
BAllHH NPONABACHHA BYaAH H H3OGPAXENHN, & TAKKE BEJHYHHH ce-
JNEeKTHBHOCTH OCTAIOTCH TAKHMH Xe, kaK u npH 2,5 yacax CO3peBaHHA.

IMpH HCCAGAOBAHHH AEACTBHA CTA-COAM, BBEACHHOA B MPOABHTE/D,
6La HCNOABL3OBaH nposBHTENb Yn6HcoBa. B oaHOM cayyae oH Oma
HCIOAB3OBaH 6e3 cojepxaHHs B HeM GpomMHAa kKanus H Ge3 BBene-
HHAl CTA-COJMH, a B ApyroM — 6e3 GpPOMHAA KaAHA, HO C BBEACHHEM
cta-conn (4 2/4). PesynbTaTH OAHOrO H3 OMHTOB MNPEACTaBACHH
B TaGaHue 14, nokasuBaomesl, 4TO BBEAEHHE OTHOCHTEJNbLHO 60Jb-
IIOTO KOJIH4eCTBA CT4-COJH B MPOABHTEAb (4 2/4) NPHBOAMT K He-
KOTOPOMY, OTHOCHTENbHO MAJAOMY YBEAHUEHHIO SHEPTrHH aKTHBALHH
(¢) u cenextusuocTH (U) nposBaenns. CKOpocTh NpoABIEHHS B pe-
3y/nbTaTe BBEAEHHA CTa-COJH B NPOABHTENb 3aMETHO yMEHbIIAeTCH.

Ta6anna 14

BansHNe BBCACHNS CTA-COAN B NPONBNTEADL HA BEAHSHHM SHEpPrum
axTHsauxn (z) N ceaexrnsnocrn npossaenns (U)

Mponsurean D |o02]|]04}|06{08]|10]| UI5 | U2°

[y 21 25 26 - -

Be3 cra-coan o 14 14 15 15 13 340 20
¢ 25 25 25 28 30
] 4 /
Co cra-coabio (4 2/4) “ 13 17 17 18 20 450 s

U3 npuBeleHHHX MAaTepHaNoB BHAHL Pa3/HYHA ACACTBHA THNHY-
HOro ctaGHaAM3aTopa (CTa-CONIH) H THNHYHOrO NPOTHBOBYAJAHPYIO-
mero BeulectBa (6eH3oTpHasona). B To spems kak GeH3oTpHa3oda,
BBEJCHHHA B NPOABHTEAb B HHYTOWHHX KOJHYECTBaX, BHI3HBaeT
CyllecTBEHHOEe yBeJHUEeHHe SHePrHH aKTHBAUMH MPOABAEHHA ByaJsH
() ¥ yBeaHuyeHHE CeNeKTHBHOCTH NPORBJACHHA (U), cra-conb B npo-
mBHTeNe, B3ATAA B OTHOCHTENLHO G6OJbIWIOM KOJAHYECTBe (4 2/4),
MOYTH HE OKA3LBAET BJHAHHA Ha SHEPTrHI0O AKTHBALHH H CENEKTHB-
HOCTH nposBaeHHd. CTa-conb, OAHAKO, OKa3wBaeT xopouiee CTaGH-
AH3HpyOUlee AEHCTBHE, COXPAHAS SHEPrHIO aKTHBALKH H CEAEKTHB-
HOCTb NPOABJIEHHS Ha NMOCTOAHHOM YypoBHe. MexaHHSM CTaGHAH3H-
pyomero AeACTBHA CTA-COMH He Obla HCCAeAOBaH B aamHOR pabore,
HO mpeanoaaraercs [30], 94TO CyIUIHOCTL STOro AeACTBHR CBOAHMTCH
K TOMY, YTO SHEPrHf aKTHBAUHH CNONTAHHOrO pasAOXeHus cepel-
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PRHOR COJAH CTAGHNAH3aTOpPa BHIIE 3HEPrHH AKTHBAUHH PAa3NOKEHHSA
XenaTHHaToB cepebpa.

[MoBHIeHHe 9HEPrHH AKTHBALHH NPOABAEHHA B pe3yabTaTe BBe-
AEHHA B 3MYJAbCHIO HJAH B NPOABHTEAb MNPOTHBOBYAaJNHPYIOLUIEro Be-
mecTBa (6eH30TPHA30.1a) MOXHO OODBACHHTL aacopOuHeR BelecTsa
Ha NMOBEPXHOCTH 3MYJbCHOHHHWX 3epeH C 06pa3oBaHHeM cepebpaHOR
coau. [pH 3TOM npeanoaraetcs, YTO BOCCTAHOBJEHHe 3TOH cepel-
pAHOA coaH Tpe6yer Goabuiel SHEPrHH AKTHBAlUlHH, YeM BOCCTAHOB-
aAexHe 6pomHcTOro cepe6pa. IloCckoabKy CTa-CoJb NMOYTH HE H3IMeE-
HAET 3HEpPrHH AaKTHBALHH NPOABAEHHA, BO3MOXHO, UYTO 9HEpPrHA
AKTHBAUlHH BOCCTAHOBJAEHHA COOTBETCTBYyIOWER cepe6pAHORA COAH He
BHllEe 3HEPrHH AaKTHBAUHH BOCCTAHOBJIEHHA G6poMHCTOro cepebpa.

12. TeMnepatrypHast 38BHCHMOCTb BOCCTANOBACHHA 304eR
Opomusa cepebpa u cepeognuux coaed Gen3oTpnasoaa
M 5-MeTHa-7-0KCH-2, 3, 4-TPNA3AHHAOANINKE

B npeanaywes pa3aene GHJIO NMOKasaHo, 4TO BBeAeHHe B doro-
rpadHYecKyio 3MyAbCHIO HJIH B NPOABHTENb NPOTHBOBYANHPYIOLIEro
BewecTBa (6POMHCTOrO KaJHA HJAH GEH3OTPHA304a) NPHBOAHT K yBe-
JHYEHHIO SHEPrHH aKTHBALHH NPOABACHHA HEIKCNOHHPOBAHHHIX yua-
cTkoB QpoTorpagHueckoro caofi. ITOT pe3yabTaT 06bACHAACA 00pa-
30BaHHEM aACOPGLHOHHOTO CJA0S Cepe6pAHOA COJNH NMPOTHBOBYAJH-
PYIOLLErO BeleCTBAa HA MOBEPXHOCTH 3MYJbCHOHHHX MHKPOKPHCTaA-
a0B. Kpome Toro, 6610 BHCKA3aHO MNpPeANONOXKEHHEe, 4TO 3HEPrHA
AKTHBALLHH BOCCTAHOBJIEHHA YyKa3aHHOR cepe6GpsHO# cosn Goabme,
9eM raJoHaHoro cepe6pa. B HacTosumieM pa3sene NpUBOAATCA pe-
3yAbTaTH SKCINEePHMEHTAAbHOTO HCCAEAOBAHHA 3TOro BOMpOCa.

Pa6ota 6nisa nmpoBeAeHa C 3aIHUIEHHHMH XEJNaTHHOR 30ASMH
6poMHCTOro cepe6pa u cepe6psHbX conel 6eH30TpRAasona H 5-Me-
THA-T-OKCH-2, 3, 4-TpHa3aHHAONHLUHHA. MeTOAHKA ONHTOB B NMPHHUHNE
saKal04anach B TOM, YTO K CBEXENPHrOTOBJAEHHHM 30/IM, 3allH-
ILEHHHM MaAHM KOAHYeCTBOM XEJNaTHHH, NpHOABAAAH pacTBOP
nposBuTeas. CMech NpH 3ajaHHOA TeMnepaType NPH HeNmPepLBHOM
nepeMeulHBAaHHH BHACPKHBATH 6onblliee HAH MEHbllIee KOJHYECTBO
BpeMeHH (OT 2 MHH. 10 9 49acoB), MPHYEM OT CMECH yepe3 ompene-
AeHHble NPOMEXYTKH BpeMeHH OTGHPaJH mpobu, B KOTOPHX MPOBO-
AHAH OnpeAeneHHe CoAepXaHHA BOCCTaHOBAEHHOro cepebpa.

Heo6xoauMO OTMETHTH, YTO HCCNEAOBAHHE KHHETHKH BOCCTaHOB-
AeHHs 304eH GpoMmHcTOro cepe6pa H cepe6paHuX coneRr cTaGHAH-
3atopoB paHee nposoauan Paepman u [laerner [36]. B cBoux onu-
Tax 9TH aBTOPH K 30/5M, 3aUIHUIEHHHM XeJaTHHOR, NMPHOGABAAIH
nposiBuTeNb, H cMecb npH 20° octasBagaach 6e3 mnepeMellHBAHHA
B KioBeTe porokoaopumerpa (PIK-M). Bpems or Bpemenn Paepman
M [lreTHeB NpPOBOAHAH H3MEPEHHA ONTHYECKOR NAOTHOCTH CMECH;
ONbLITH GHJAH BHIMOJHEHH TOJAbKO NMPH OAHOA Temnepatype (20°) H,
CAAOBATEJbHO, ONpejeseHHs TeMNnepaTypHHX KO3(QGDHUHEHTOB H
SHEePTrHH AKTHBAUHH PEAKLHH HE NPOBOAHIHChH.

Buayase Hacrosuwed paGoTH MH MNPHMEHAAR MeTOAHKy Paep-
mana ¥ [lneruesa. [lpyriMH CJAOBaNH, CTeNneHb BOCCTAHOBAEHHS
cepe6psHON CONH MH Onpeenfiid NyTeM H3IMepeHHA ONTHYECKHX
RAOTHOCTER 301 Ha poTokoaopuMeTrpe. OaHaKo 3Ta MeTOAHKA GLiAa
BCKOpE OCTaBJieHa MO CJAEAYIOIWHM NPHYHHAM.
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1. -Hamu naGal0AeHHA NOKa3ajH, 4TO MPH BOCCTAHOBJEHHH 3one#
pa3AHUHBIX CepeGpAHHX CoJed noayqaioTcd NOTEMHEHHR Pa3JHYHHIX
I BETOBHX OTTEHKOB, T. €. MAHCHEPCHOCTb BHIEAREMOTO cepebpa
pa3JHyYHa H, CEA0BATE/bHO, PA3AHUHH kK03 PHUHEHTH MOTNOIEHHS.

2. Moanepxanue B KioBETE KOJOPHMETDPA 3aaHHON TeMnepaTypH,
OTAHuaOleHicA OT TeMmepatypH KOMHATH, MNPeACTaBAAET 3HAYH-
TeJAbHHE TPYAHOCTH.

Hcnpo6oBaB pa3nHYKEE CNOCOGH, Mbl OCTAHOBHJAHCDH Ha cJeaylo-
WeR 3KCNepHMEHTaAbHOA METOAHKE.

1. B cTekasauHHA CTaKaHYHK, fIoMelleHH A B BOAAHOR TEPMOCTAT,
sBoAST 12,5 M4 0,4%-HOro pacTBOpa XeNaTHHH H 12,5 44 0,02M
pacTBopa GPOMHCTOro Kaiaus (K 6eH30TPHA30/Aa HAH 5-MeTHA-7-0K-
cH-2, 3, 4-TPHA3aHHAONHUHHA). 3aTeM NPH HENpPEPHBHOM nepeMelx-
BaHHH TyjAa Xe OHLCTPO BJAHBAIOT 25 ma 0,0l M pactBopa AgNO;.
Bce yka3aHHbie pacTBOpH G6epyT mpH Tesmneparype 20°C.

2. O6pa3zoBasHACA 301b cepe6psaHOf CONH AOBOAAT AO Tpebye-
mofi TemmepatypH (15° uam 25°); OAHOBPEMEHHO X0 TOR XKe TeMme-
patypn A0BOAAT 50 M4 NPOSIBHTEAS (Un6ucoBa), coaepiaulero,
NOMHMO OGLYHHX COCTaBHHX dacTed, euie 8 2 NaOH na 1 4. [lpo-
ABHTEAb GHCTPO CJHBAIOT B CTAKAHYHK C 301€M; MOMEHT CAHBAHHA
NPHHHUMAETCA 38 MOMEHT HauaJza pEaKLHH. Bce ykalanHHe omepa-
LMK, KaK H mocjeayiowiee BHAEPKHBAHHE peaKuHOHHOR CMECH, npo-
BOAAT NpPH HenpepuBHOM NepeMeWHBaHHH.

3. Uepes onpeAeseHHHE MPOMEXYTKH BPEMEHH H3 peaKuHOHHON
cMecH OTGHpaloT nuneTkoft npobu no 10 M4 H nepeHoCcAT HX B
dapdopoBHEe CTaKaHUBKH, rAe conepxuTca no 10 Ma 1 4 YKCYCHOH
KHCJOTH.

‘4. B cTaKkaHuHK C MOAKHCAeHHOA npoGOA BBOAAT 20 M4 14%-HOTO
pacTBopa xenaTHHH (npH TeMmneparype 40—50°C). Cmecb TIIATENBHO
nepeMeluIHBalT H NOJYHEHHYIO ,3MYJIbCHIO® TMOJHBAIOT HA HETHPE
NOACAOEHHHE CTEK/JASHHHE NMAACTHHKA Pa3MEPOM 9 12 cm? (Ha KaX-
Ay NJACTHHKY HaHOCAT 0O 7 MA 9MYbCHH).

5. Mocae CTyAeHeHHs H BHCYLHBAHHA MOAHTHX CN0EB NAaCTHHKH
B TeueHHe 30 MHHYT NPOMBIBAIOT IPOTOYHOA BOAOH AAA YAaNEHHA

. NpOsAIBHTENA H 3aT€M B TeHEHHE 10 MHHYT OGMKCHpYIOT B caaboue-
JIOYHOM pacTBope THOCyahdara HaTpHs (50 2 Na,S;04-5H,0 u 22
NaOH ma 1 autp pactBopa). OTdHKCHpOBAHHHE CJIOH TILATEJbHO
NPOMHBAIOT, NMOC/E Hero norpyxaior 2 pasa (no 30 mMHYT) B aue-
tatuuft 6ydep (13,6 2 auerara HaTpHA H 6 MA NeAAHOR YKCYCHOR
xucaoTH Ha 1 4 pacteopa) npu pH=4.6. 3aTeM CJAOH MOABEPraioT
okoH4YaTeAbHON mpoMuBKke. CO BceX UeTHpPEeX MPOMHTHX NAacTHHOK
KeJATHHOBHA CJAOA CYHINAIOT WINATEJNEM B 3paeHMeAepoBCKYio Konaby,
a OCTATKH CJAOA CMHBAIOT TyAa Xe ropsued pogoft. B xoaby no-
6aBasioT 30 XA KOHLUEHTPHPOBAHHOH HNO, H XHAKOCTb ymapHBaioT
A0 06beMa MPHUMEPHO 5 MA, Mocae 4ero asoTHyIo KHCJMOTYy HefiTpa-
AH3yI0T 25%-HHM PacTBOPOM aMMHaKa H CMECDH NOAKHCAAIOT YKCYC-
Holl KHCAOTOR (RO cna6oro 3amaxa YKCYCHOR kucaors). PactBop
JOBOAAT A0 o6beMa 25 x4, a 3aTeM B HeM IpH temneparype 20°
NpOBOAAT OnpejeieHHe NoTeHuHaAa (c TouHOCTHIO 1 M8) Tpi: NOMOILH
cepe6psinoro saextpora. Koauuectso cepe6pa, COOTBeTCTBYyloLLEE
AAHHOMY NOTEHIHaJay, HAXOAAT M3 rpajlyHpoOBOYHOA KPHBOH, mo-
CTPOEHHOA MO AAHHHM H3MEPEHHA MOTEHUHANOoB pacTBOPOB C H3-
Becgnuuu KOHLEHTPAHAMH HOHOB Agt® (B HHTepBaje pAg ot 2
a0 8).
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OBEJIH OMBITH BOCCTa-
Ka3aHHYIO METOAHKYy, Mb MpOL -
”c:flgbiyf. }{5° H 2g°C 30JeH GPOMHCTOrO cepebpa H cepegﬁ:._
:z&neconeﬁ pdenampnasona H 5—Me1nn-7-oxcn}2‘;a§£ ttiTe?:?(:s::::ac A
CTaBJeHH . 6,
_TlonyueHHHE pe3yabTaTH Mpea '
:'l::angl oc: a6CIHCC OTNOXKEHH NPOAOCAKHTEAbHOCTH peg:gn:e(:g;:
MyTax), a no ocH OpAMHAT —KOJHYeCTBa BOCCTAHOBJIEHH P ,
A
sHpaxeHHbe B (zpaxx-uon/.ﬂ)-lo‘.

¢ .'n

b

o

9 ﬁ.ﬁﬂ‘ﬂﬂiﬂtu -
pe BOCCTaHOBACHHA Ce€ e6pa NpN NpoAs-
EI):I(I:;I}? '35;):; 6poMnraa c(efeg?)n :Ag urgt :l%egigg-;u;
Ha30aa g - -7- . 3,
coxe oemo?-’rpununnouuunm (AgSt). .
a—npofpaenne npu 16°C; 6—npossaenne npn 35°C

CTH

W3 npHBEAEHHBIX pe3yabTaToB (puc. 6) sung?l.e a“:eccb‘:«oapopaa-

BOCCTAHOBAEHHA HCCAEAOBAHHEIX cepeGpAHHX ; e e anasn

HuHHE: cepebpsanas CoJab TpHa3aHHAOAHUHHA (6g soccraran e

:aerca. 3HaunuTeNbHO GHCTpEE, UEM Aélgigé,e aq%eseAggl:aB o Getisos

AgBt) 3HauHTENbHO MELJ , . 15

:Txgﬁiiiﬂé %po)non)i(HTeJleOCTH npgunng:uns }(:) )g(l)ar%rgxl.z;%?/‘

o0 KOHleHTpaiuud cepeobpa g

l(‘: xu izaitpgrypax 15° 1 25°C) ¥ BEAHUHHH 'reui;leparypnux ko9
Q)lruneﬂ'ron (a) BOCCTAaHOBJAEHHA yKa3aHHHX COJeR.
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Ta6anua 15

TIPORCAHTEABHOCTH W TeMnepaTypHbie KOIQOHUNENTH NPORBAEHHR
cepebpansix conef 6pomnaa, 6€H30TPHA30AR H TPHA3AHKAOAKUNHA

C.10e 5] 10 15 20 25 30 35 40 45 50

. t(15) |0,8} 1,5 2,2 2,8| 36| 42| 49| 53| 6,2| 6,8
AgSt t(26°) 0,4/ 08| 1,4| 1,8] 2,3| 2,8| 3,2| 3,7} 4,2 4,6
a 20/ 19,16 16| 164 1,56} 1,5 1,4 1,5 1,5

t(15°y | — | 9,5}12,0|14,0|16,5|18,5|21,3(24,0]27,5}31,0
AgBr | £ (25°) | — | 2,0] 3,0} 40| 5,2| 6,3 7,7| 9,7|12,5]15,5

a — 1! 47] 40} 3,5f 3,2| 3,0 2,8] 2,5] 2,2 2,0

£(15°) (29 |59 {87 |111 |130 {148 | 164 [180 | 194 | 208
AgBt [t |5 10,317 | 23| 30 | 38 | 46 | 55 | 65 | 75
a 5.8 5,7 5,1 | 48| 43[ 39| 36| 33| 30| 2,8

Hcnoab3ys noayyennne reMnepatypHbe KO3 GHIHEHTH, MOKHO
660 BHYHCJIHTb 3HEPrHH AKTHBALUHH MNPOABJICHHA HCCAELOBAHHHX
coaeht (tabuuua 16).

Ta6aunua 16

BeaHYHHB SHEPrHH AKTHBALHH BOCCTAHOBJAEHHs 3oaef AgSt, AgBr, AgBt

C-10¢ 5 10 151 20 | 25 | 30 35 | 40 | 45 | 50

AgSt | € kxaa/uoss 12 11 8 8 8 7 7 6 7 7
AgBr | . — | 26} 24| 21| 20| 19| 18] 16 | 13 | 12
AgBt | e . 30 | 30 | 28 | 27} 25| 23| 22| 20 | 19 | 18

TakuM 06pa3om, sKCNEePUMEHTaNbHHE Pe3yNbTaTh NOATBEPXKAAIOT
BHICKa3aHHOE NpPeANoJOXeHHe: [Jf BOCCTAHOBJIEHHS cepe6GpsaHOf
COJMH NMPOTHBOByaJHpyiolero BeulecTBa (6eH30TpHasoaa) TpebyeTcd
60see BHICOKAA IHEpPrHA AaKTHBALUHH pPeEaKUHH, 4eM AJ8 BOCCTAHOB-
AeHHss 6pomMHaa cepebpa.

O6paujaer BHHMaHue Ha ceb6u TOT ¢aKT, YTO TNPOABJEHHe ce-
pe6psHOR COaH TpHa3anHAoAHUHMHA (AgSt) npoTekaeT 3HAYHTEJbHO
6nicTpee H TpebyeT MeHbiieH 3Hepruu aKTHBAlMH, YeM NPOABAEHHE
6pomMunaa cepe6pa. C 3THM OGCTOATEALCTBOM, OYE€BHAHO, CBfi3aHO
TO, YTO CTa-cojb (H-METHJA-7-OKCH-2, 3, 4-TpHA3aMHAONHIIHH), 6yNyYH
npH6aBNIEHHOA K MPOABHTENI0, MOYTH He Bbi3HBAET NPOTHBOBYaJH-
pywouero aefictBusi. Bmecte ¢ TeMm, NoNyYeHHHH pe3y bTaT yka3bi-
BaeT, 4To CTabGHJH3upYyloulee ACACTBHE CTA-COJH NPH CO3PEBAHHUH H
XpaHeHHH ¢oTorpadHyecKHX 3MYJAbCHA He MOXeT OHTb OODBACHEHO
60.1€€ MEAJEHHBM BOCCTAaHOBJEHHEM ee CepeGpPAHONA COMH IO CpaBHe-
HHi0 ¢ AgBr nono6uo ToMy, kak 3To npeanoaaraet Paepman |36, 37)
B OTHOWEHHH CTAGHIH3HUPYIOILETO AE€ACTBHA HEKOTOPHX CTaGHIH-
3aTOpOB.
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B 3akaoueHHe 3Toro naparpaga MbH XoTeaH 6b OGpPaTHTh BHH-
MaHHe Ha TO OGCTOSTEALCTBO, YTO TeMIilepaTypHbe KO3I(QQHUHEHTH
H sHePTHA aKTHBAUHH NPOSBJIEHHA HCCNELOBaHHHX coaeft (Tabauum
15 ¥ 16) yMEHBIWAIOTCA C YBEJHUEHHEM MNPOAOJKHTEIbHOCTH MNPo-
aBaeHus. [10-BHAHMOMY, 3TO OOBACHAETCA KaTaAM3HPYIOLWHM AeACT-
BHem cepe6pa, Macca KROTOPOro YBEJAHYHBAETCH B XOA€ pEaKUHH.
CHHAKEHHE TeMnepaTypHHX Ko3pPHUHEHTOB A0 AHGGY3HOHHBIX
3HaYeHHA Ha6a10Aan0Cb, OAHAKO, TOJAbLKO NPpH nposiBieHHH AgSt
(ta6anua 15).

13. 3aBHCHMOCTb SHEPrHH AKTHBAUWH NPORBACHHS
OT BHGOPa NMPONBARIOLICIO BEUIECTBA

Kax yxe 6.0 yka3ano (pa3aen 4), MOXHO OXHAATb, YTO 3HEP-
rHA aKTHBAUMH NMPOABJEHHS 3aBHCHT OT BHOOpPA NPOABAAIOLIErO Be-
mectsBa. B apyrom mecte 6njo noxasano [14], uTo TeMmnepatypHue
K03} OHUHEHTH NPOABAEHHA BYaaH CTAHHHTOM HAaTPHf 3HAYHTENbHO
MeHblle, YeM NpH NPOABAEHHH NapaaMHHOopeHonOM. PesyabTaTh
3THX ONBITOB, MOCJAE NepecyeTa BEJHYHH TEeMNepaTypHuX KoapdH-
LUHEHTOB (2) Ha BEJHYHHH HEPTrHH aKTHBAUHMH (¢), OHAM AAHH BhillE
(pasaea 8), B Ta6auue 5. Huxe, B Tabauue 17, AaHH BeJHYHHH
3HEprMH AKTHBALUHH NPOABACHHS MO3HTHBHOA KHHOMJAEHKH B MNpO-
BHTEASAX CTAHAAPTHOrO COCTaBa, Pa3fHyalolHXCA BHOOPOM nposs-
AfOULero BelecTBa.

Ta6anua 17
3aBHCHMOCTb IHEPTHN aKTMBAUNM NPOSBAEHHN OT BMOOpa NpoRBASIOIEEro

BemecTBa

[Tpossasiouwiee Bemecrno ¢ T de=¢—uy
CTaHHHT HaTPHA . . . . . « . « « . R 7 - 7 0
[Mapaamubodenoa . . . . . . e e e 28 7 21
Metoz . . . . .. .. ... .. 24 13 11
Fmapoxsuon . . . . . . . . . 28 19 9

Kax BHAHO H3 Ta6GaHU 5 u 17, 3HepTHA AKTHBALHK MNPOABJICHHA
Bya.M CTAHHHTOM HAaTpHA 3HAaYHTENBHO MEHblIe, 49€M B cJay4ae
NPAKTHYECKH NPUMEHAEMBX NPOABAAIOWHKX BemecTs. CTAaHHUT HAaTPHA
nposBAseT COBEPUIEHHO HeceneKkTHBHO [l14], a napaamHHOdeHON H3
BCCX YKa3aHHBIX BellecTB AaeT HaHGoabuiylo cTeneHb H36HpaTeab-
Horo aefcTBus (1 — 3]. 3TOT pe3yabTaT NONHOCTHIO OTBEHYAET HALIHM
NpeACTaBACHHUAM, COFJaCHO KOTOPHM H36HpaTeabHOe NPOSBJICHHE
OCYILIeCTBIAETCA TOJbBKO B TOM CJyd4ae, KOrja nposiBjJieHHe BYyaJH
TOPMO3HTCA BHCOKMM 3HepreTHYeCKHM O6apbepom, T. €. BHCOKOR
sHepruefl aKTHBAUHH peakUHH. Mexay teM, s, =7 KKGA/MOAb NpDH
POABNEHHH CTAHHHTOM HAaTpHA NpeAcTasaseT co60f, OUEeBHAHO, HE
9HCPrHI0 aKTHBALHH TNPORBJEHHSA, 8 BEJHYHHY, CBA3aHHYIO C Temne-
paTypHbiM KO3b@HUHEHTOM AHPOY3HOHHHX NPOLUECCOB, CONPOBOX-
AKX NpofiBjeHHe. B COOTBeTCTBHH C 3THM MOXHO NPEeANOAO-
KHTb, YTO AEACTBHTE]bHAA 3HEPrHA AaKTHBAUHH NPOABNEHHA CTAaH-
HMTOM HATPHf NMPAKTHYECKH PAaBHA HYJIO, C 4YeM CBA3aH HeH30Hpa-
TeAbHB XapakTep NPOAB/JEHHA 3THM BEUIECTBOM.

[ J
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JlonoAHHTENbHHA SKCMEePHMEHTANbHHA MaTepHaA, OTHOCKILHACH
K 3a8BHCHMOCTH SHEPrHH aKTHBALHH LIPOABJIEHHA OT BHGOpa nposs-
Afomero Beuiecrsa, naH B tabadue 18. [las pa6oTh 6HAZ HCNOAL-
SOBAHA HMIOPTHAA a3pONAEHKA; MNPOABHTEAH HMEAH CjeayloluA
CTAHAAPTHHA COCTaB:

NPORBANOMEE BEMECTDO. . . . . . . . . . .o ... M0
CYABPAT NATPUS KPRCT. . . . . . o & v v o v ot vt e v e e e 0,0 2
coxa fesmoamas . . . . . ... ... i a ... 2802
L I 20 1 amrpa.

Beanannu cenektHBHOCTH (U), mpHmeaeunsnie B TaGanme 18, Guau
BHYHCACHH, Kak o6nuHO, no dopmyne (31).

BesHUHHH ¢, OTHOCATCH K NPOSBJIEHHIO ONTHYECKHX NJAOTHOCTEH,
NeXauHX B BepxHeR WACTH NPAMOAHHERHOrO y4dacTka XapaKTepH-
cThieckod kpusof. [Ipoasasomue Beumectsa B Tabauue 18 pa3GHTH
Ha ABe rpynnH MO XHMMYECKOMY CTPOCHHMIO: 1) OKCH-6€H30/1H H
2) auunodeHonn. B npeaenax kaxAof rpynns Bewecrsa pacnoJo-
XEHH B NMOpsiske yOLHBAHHA SHEePrHH AKTHBAUHH NPOSBACHHN ByaH.

Tabamna 18

3aBNCHNMOCTL SHEpran axTusanns (¢) n ceaexrusmocrn (U) nposssenns ot smbopa
NPONBANIOIErO DEEECTEA

U
fpossasnuee —

Tpyona sewecTno K ¢ 8 15° 25°
MNupoxarexnn . . . . . 22 12 10 265 190
Oxcuben-| Mmapoxunon . . . . . 20 14 6 95 50
soan | Xsoprmxpoxmuom . . . 20 11 9 185 105
Muporassox . . . . . 15 8 7 200 100
Mapaanunodenox . 29 16 13 500 250
Auumo- | Tamumm . . . . . . . . 26 12 14 260 150
¢euoan | Sftxomoren . . ., . . 17 10 7 150 105
Metroa . . . ... .. 14 9 5 240 200
- Metoxmron . . . . . . 15 9 6 180 135

Ha ocHoBaHHH mpHBeAeHHHX pe3yabTaToB (Ta6auua 18) MOXHO
caenath caeayouHe suBoab. HanGoabwas sHeprHR aKTHBALHH
NPOABJEHHA ByaaH (s,) H HaHGOABWIAN CENEKTHBHOCTb NMPONBACHHA
O0HapyxeHH B Cayyae mapaaMHHodeHo.1a. BeeneHHe 3amecTHTe efl
B aMHHOTPYMNNYy CHHXAET SHEPrHio aKTHBALHH NPOABACHHNA; BBEAEHHE
9/IeKTPOOTPHUATEABHOA rpynnu (FAHUHH) CHHXACT 3IHEPTrHIO 8KTH-
BAUNH 8, B MAaJAOA CTENEHH, a BBEAEHHE 3INEKTPONOJONKHTEIbHOA
rpynnu (MeTos) NPHBOAMT K 3HAYHTEALHOMY CHHXeHHIO s, M3 Bcex ,
OKCHGEH30/1I0B MHPOKATEXHH (OKCHTPYNNH B OPTONOAOXKEHHH) TpebyeT 1
HaHOOAbIWIER 3HEPrHH AaKTHBAUHH NPOABAEHHA BYAJH; HA BTOPOM
MeCTe CTOHT THAPOXHHOH (OKCHrpPynmh B Mapa-noJoXeHHH). Beeae-

-
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HHe TpeTbeR OKCHrpynnu B SAPO (nHparannoa) NPHBOAHT K Cylle-
CTBCHHOMY CHHXEHHIO 3HEprHd aKTHBAUHH TMPOSABAEHHA ByaJH.
Mo senuuuHam s, Kax BHAHO H3 TaGauuu 18, mposBasiowHe Be-
WwecTBa Pa3NHYAKTCA CPABHHTENbHO MaJo; NOCAeA0BaTeALHOCTD HX
B 3TOM CJyyae, B MOpeienax KaxAoA Trpynuu, NPHMEPHO Ta XKe,
4YTO M MO BeJHYHHAM ¢, 3acAyXHBaeT BHHMAHHA TO 06CTOATENLCTBO,
YTO NpH TNPOABJAEHHH [HPOrajN0JOM, METOAOM H METOXHHOHOM
BE€AHUYHHH ¢, CHHXEHH MOYTH A0 audPy3HOHHHX 3HAYEHHA Temme-
paTypHOR 3aBHCHMOCTH nposiBAeHHA. [10CKOAbKY METOA H METOXHHOH
NPaKTHYECKH HE PA3NHYAIOTCH MEXAY co60ffi MO BEJIHYHHAM &, H 8,
MOXHO 1IPEANON0NKHTh, 9TO B OGOHX CAyYaAX SHEPrHA AKTHBAUHH
nposiBAeHHA 06yC/0BJI€HA METONOM, BXOAAILHM KaK cocTaBHas
94acTh B MOJIEKYay METOXHHOHA.

M3 ta6auus 18 BHAHO, UTO MPH OJAHHAKOBHX 3HAYEHHAX CEJCK-
tusHocTH (U) pasnocTb Ae MOXeT OHTb pasNH4YHOA (HanpHMep
NposBreHHE MHPOKATEXHHOM H TJHUHHOM MpH 15°, cpaBH. TaKxe
MeTOA W TAHUHH). ITO O3HayaeT, 4TO CEJEKTHBHOCTb MPOABACHHA
3aBHCHT He TOAbKO OT BEJMYHHH As, HO TaKxe OT OTHOUEHHH
NpeAIKCNOHEHIHOHANbHHX mHoxutenen P, u P, B popmyae (18).
Ha 3TOM O6CTOSTEAbCTBE MH OCTAHOBHMCH NoApoGHee B CAEAYIOLIEM
pa3aeae.

14. OTHOWCHHS MEXAY SHEpruefl AKTHBALMHK NMPOSBACHHE M u30upa-
TeabHbiM AeACTBHeM npossuTeaeR nHa doTorpaduyeckne CAOM

Kak yxe O6HJ0 yKa3aHOo, HAYHHaf pa6oTy, MH HCXOAHJAH H3
NPeANOAOKEHHA, YTO H36HPaTEeAbHHA XapakTep dotorpadpnyeckoro
nposBaeHHs, 06yCAOBAEH TEM, YTO 3HEPTH# aKTHBALHH NpPOABAEHHS,
u3obpaxeHus (g), MeHbile 4€M ByalH (¢)). Buao mokasano (pa3aea
3), 4TO BeNHYHHH 3HEPrHH AKTHBALUHH H CENEKTHBHOCTH MPOABACHHA
MOTYT GHTb CBA3aHW NPOCTHIM .COOTHOLIEHHEM:

U__.K.ﬂ,__-[(.fl.ewRT
Vs P,

Kax BuaHo H3 ¢opMyan (18), CeA€KTHBHOCTb MPOABJICHHA V)
AONKHA OuTb TeM Goabule, 4eM 60/bllie Pa3HOCTh A¢, HO BENHWUHHE
U 3aBHCAT He TOJAbKO OT As, HO H OT OTHOIIEHHA MNPEASKCNOHEH"
LUMAAbHHX MHOXHTeneH P, u P,

B panee ony6ankoBaHHHX paborax [14 — 17] yxe 6H10 NOKa3aHo,
4TO yKa3aHHOE NMPEeANOJOXEeHHEe ONPABAHBACTCHA: C yBEAHYCHHEM Ae,
Kax NpaBHAO, BO3pacTaloT BeaHuMHn U. OfHaxo H3 STOrO NpaBHAA
HMEITCH HCKJAIUeHHS. B npeanayumem pa3aene MH YKa3nBajlH Ha
cayvafl, Koraa BeJHYHHBH Ae Pa3AHYAIOTCA NPH npakTHYEeCKH OJHHA-
xoBOoM 3HayenuH U. [MomMuMo 3TOro, Ha6AIOAANHCH CHY4HaH (15, 16,
17. 27), xoraa BenH4YHHa Ae NPHHMMAJA HyJeBOE H laxe oTpHUA-
TenlbHOEe 3HaYeHHEe, HO MNPOMIBJEHHEe, TEM He MeHee, NPOTEKANO
ceaexTHBHO. [loao6HHE CAydYaH (s, =¢, HAH ¢, <¢,) Mil HaGA0AANH
rAagHeM 06pa3oM NpH pa6oTe C A0ATO XPAHHBIIHMHCA ¢doTonaen-
KAMH HAH C 9MY/bCHAMH, NOABEPrHYTHMH BECbMa AAHTEABHOMY
CO3peBaHHIO. ~

Ka3aHHHE AHOMAaJbHHE OTHOIEHHA (8, <8), KAK KAKETCH C
nepeoro B3rAsAa, CTaBAT NMOA COMHEHHe Hauly KOHUEMuH, CoraacHo
xOTOpOoA H36HpaTenbHoe AeHCTBHE NMPOABHTEAR 06yCAOBACHO Pa3AH-

19
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YHeM SHEeprHit aKTHBAUHH TMNPOSBJEHHA BYaJH H H306PaXKEHHS.
[Mo3ToMy MH JAOJXKHB 31€Cb pPaccMOTpeTh 3TO OGCTOATEAbCTBO
HecKoJabko noapobxee.

M3 onpeaeneHns nOHATHA ,CTeneHb H36HPATEABHOrO AEHCTBHA
npossuteaed* (U) caenyer, yTo nposBaeHHe npoTeKaeT H3IGHPATEIbHO
npH ycaoBHu v, > v, [lpn v, =v, n v, v, nposiBieHne npoTexaer
yXe HeH36HpaTeJbHO HJH Jaxe OoO0palleHHO, XOTA B INOCJeAHEM
cayyae H306pa)eHHEe MOXET OCTaBaThCs HeOOGpalleHHHM, TaK Kax
pasJaHYHA D‘ H D, MOrI'JJH HAKOMHTbCA B Ha4yYaJbHBE€ CTaAHH NPOAB-
JEeHHA, KOTAa WMEN0 MECTO HEpaBeHCTBO V; > V.

[Mpn o6o3HaueHHH

W=ﬁ 32)
Py
13 ypasHeHus (18) caeayer, uto:
1) ecau nposBNeHHe NPOTEKAaeT H3GHpATEJbHO, TO

A¢RT

vy>v, USK, W-e > (33)

2) ecau mposBJeHHE MPOTekaeT HeH3GHpaTesbHO, TO

A¢/RT

v,=9, U=K, W-e =1 (34)

3) ecau nposiBNeHHE HpPOTeKaeT C ofpalleHHeM H306paxkeHHs, TO

A¢/RT
1, <7, UK, W-e <l (35)

HauGonbluH# HHTEpEC NpeAcTaBAseT MNEepBHA cayuyait (nposBJEHHE
npoTexkaer H3GHPaTEbHO). A

QueBHAHO, e€CJAH HA6J101a10TCA AHOMAAbHBE OTHOIIEHHA BEeJHUHH
e, H &, BO3MOXHH JBa Caydas:

Ae/RT

1) ecan e¢;=¢, T0 Ae=0 u, creposareabHo, ¢ =1, oTKyAa,
NpHHHMAasA BO BHHMaHHe BHipaxeHHd (18 W 33), MH OyaeM HMETHb
caeayouee ycaoBHe H3GHPATEJbHOTO XapakTepa NpOfBJIEHHA:

P> Py (36)
2) ecan e, <&, TO &, — ¢ = — Ae H, C1e10BATENLHO
—A¢/RT
P e > P, (37)
MMousaTHO, YTO HepaBeHCTBO (37) BO3MOXHO JHIUIb NPH YCJAOBHH, YTO
P> P, (38)

CnegoBaTenbHo, ecan e, < ¢, nposiBneHue OyAeT npoTeKaTh H3GH-
paTenbHO MNPH YCAOBHH, 4TO BeJHuYHHAa P, cyuecTBeHHo G6oabuwe
BeJHuHHH P,

JKCNepHMEHT MOATBEPXKAaeT 3To 3akJjloueHHe. B ra6auue 19
npHBeeHH MaTepHaJb, OTHOCAUMECH K NPOABJACHHIO a3pOMNJAEHKH
THn 10 B METOJOBOM MNpOsiBHTeNe C COAOR. BeaHuHHH ceaeKkTHB-
noctH (U/), npuBeaeHHbie B Tabaune 19, 66K BlYHCAEHH N0 GopMmy ae

t (D;=a)

U=100. L "~
t(Dj=a)’

(39)
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rae a4 — Ta onTHYeckKkas NJAOTHOCTH, Nnoxa KOTOpOﬂ B TalJHUe CTOHT
COOTBETCTBYOLAA BEJAHYHHA U.

Ta6baunua 19

Beanunnu ¢, U, W npn npossaennn asponaeHku THn 10 B MeTOR0BOM
nposBHTene

Maorroctu D, npx Koroi’lux OnpefcAeHH BEXHIHHH
s U W

0,2 0,4 | 0,6 | 08 | 1,0 1,2

¢ 17 - 15 15 15 15 17

. 21 20 2 20 19 18

Ac —4 —5 .| —5 -5 —4 -1

U (15°) 500 410 350 385 380 400

U (25°) 640 560 530 520 480 440

W = P,/P; (15°) 5,2.10 | 24.100 | 20-108 | 23-10* | 3,9-10 23
W = Py/Py (25°) 5,2.100 | 24.108 | 23.10% | 22.10® | 3,9-10% 24

Kak Buato H3 Ttabauun 19, 3aech npHBejleH NpPHMEP TaKoro
cayYyas, KOrja 3Heprusi AaKTHBaUHH TPOABJAEHHA H3OO6pPaxeHHSA
6osblie 3HEPrHH AKTHBALHH NPOSBAEHHS ByajH (a,<e,), HO mpoAB-
JAeHHe, TeM He MeHee, NMpPOTeKaeT ceJeKTHBHO. B aTom caywae, kak
BHAHO H3 TaGauuu 19, Beanunin W Beaukun, T. e. P, B GoJabluoe
9Mca0 pa3 npesunwaer P,

Beauunnn P, u P, (npeA3KCNIOHEHUHAbHHE MHOXHTENH B ypasB-
HEHHAX KHHETHKH NMPOfABJEHHA) B CKPHTOM BHAE BKJAIOYAlOT BCe Te
$aKTOpH, OT KOTOPHX 3aBHCHT CKOPOCTb MNPORBJECHHA, MOMHMO
9Heprur akTHBauud. CpeAH 3THX (aKTOPOB, HECOMHEHHO, CYWECT-
BEHHOE 3HaYeHHEe HMeIOT KOHUEHTPalUHH pPearHpyiollHX BelIeCTB.

B o6uieM BHIe, kak MH YyXe ykadnBaau (pasaen 7), CKOPOCTb
NPOABNEHHA MOKHO BHPA3HThH CJEAYIOIIHM YPaBHEHHEM:

—¢/RT
V=K - Cxrgnr - Crea - € (30)

rae K — MHOXHTENb, BKJAIOYAIOMWHA GAKTOPH, onpeRensiolHe CKO-
POCTb NPOABAGHHA, MOMHMO KOHLEHTPAlLHA peardpyioUlHX BellecTB
H 3HEPrHH AaKTHBAUHH nNpoABJAEHHUSA; Cagur H Cgreg — KOHUEHTPAUHH
BOCCTAHABJAHBAEMOro raJJOHAHOro cepebpa H BOCCTAHOBHTEAH (Mposi-
BHTeA).

[Ipu ycaosuH BuNmoaHeHHA HaGaiogxeHHs MefAanurepa [38], co-
rAMacHO KOTOPOMY BpeMs NMPOSBAEHHS OTAEJbHOIO 3epHAa 3HAYHTENBHO
MeHbllle BpeMeHH MNPOSBJEHHA CJAOA B 11eA0M, NOA Cagsr MOXHO
NOHUMATh YHCAO 3MYAbBCHOHHHX 3epeH N, cnoco6HHX K nposiBae-
HHIO B AaHHWX ycJaosHuax. [Toa koHuenTpauuei# Cgr.q B BHPAXKEHHH
(30) Haao noOHHUMATH KOHUEHTPALLHIO NPOABHTENAs] B CJo€ BOJAH3H
3MYyAbCHOMHHX 3€PEH, a He B pacTsope Haa caoeM. Uepes HekoTo-
poe BpeMs nocje Hayaaa MNPOSABNEHHA NPH H3BECTHHX YCJOBHSX,
NO-BHAHMOMY, YCTaHaBAHBAETCA AHGPY3HOHHOe pPaBHOBECHEe H KOH-
uentpauua Cg.s B CIO€ B TEUYEHHe HEKOTOPOro BPEeMEHH OCTaeTcs
NOCTOAHHOR.

1
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MpunnMan Bo BHHMaHHe BHWecKa3zandoe, aAs CKOpOCTed Npoxs -
AEHHS H306PaXKEHHA H BYaJiH MH MOXEM, COOTBETCTBEHHO, MPHHATb
CNeAy OUHe BHpPaXEHHSN:

—4/RT

U=k, - N,  Cpea-e (40)
—4/RT

‘0,==k,-~,° CR:"e (41) .

HAH
ey—8)
UmK -2k, . N JRT (42)
% N,

Ecan npeactaButs, 94T0 B pesyabrare AJHTEJBHOrO CO3peBaHHs
HAH KAKNX-AM6O ApYr#x (aKTopoB, aAKTHBHOCTH LEHTPOB Byanupo-
BAHHA H UEATPOB CKPHTOro H3O6paXeHHs CTaNH PaBHM (e, =¢),
nNposs/eHHe, TeM He MeHee, 6yAeT NPOTEKATh CeAeKTHBHO (v, >v))

NPH YCAOBNK:
N,>N,. (43)

Mexay Tem, mepaBeHcTBO (43) sBASeTCE (PMIHUECKH BO3MOXKHBIM.
Jlerko npeacTaBuTh, 4TO HOA AEACTBHEM SKCMO3HUMH BeAMYHHA g
CHH3HAACh Ha GOABIIOM WHCNE SMYyAbCHOHHHX 3epeH (BeJIHUMHa N,
BEAHKA), B TO BPEMA Kak B Pe3yAbTATE COSPEBAHHA (MM Apyroro
BO3AEACTBHA) BEJHYHHA ¢, CHH3HAACL A0 TOTO Xe€ YPOBHA Ha cpaB-
HUTEALHO MAaAOM 4HCie SepeH (BeAHUHHA N, OTHOCHTENbHO MaJa).
B cuay ykasaHHHX OTHOUIEHHR BO3MOXHO B KaKOA-TO CTENeHH
H36HPAaTEeAbHOE NPOABAEHHE Jaxe NpPH YCAOBHH, YTO e, =8, HIH
s, < ¢, [IOHATHO, OAHAKO, ¥TO cTeneHb H3GHPATEABHOTO AeACTBHS
nposBHTEAR OyAeT B STOM CAyvae MeHblle, 4eM mpH Gosee BEepoAT-
HOM HEpaBeHCTBE &, >s,.

Heo6xoaumo ykasaTb, 9TO cayuyaw, koraa ¢, <8, BCTPEYAIOTCH
Ha NpaKTHKE 9Ype3BHYalHO peako. B noaaBasomem 60AbLIHHCTBE
CaydaeB HabAI0AA10TCA HOPMANbHHE OTHOWEHMS (sy>s). Ipu Beco-
Ma MNHTE]bHOM CO3peBaHHH ¢oTorpaduyeckoh sMyaAbCHH (nanexo
3alIeAlleM 38 ONTHMYM) H AAHTENAbHOM XPaHEHHH rOTOBHX C]OEB,
B pe3yAbTaTre BO3ACACTBHA HA CJNOM NapoB PTYTH, MArKOro P — Hs-
nyyenus (18), a Takxe B pesyabrare HEKOTOPHX APYrHX BO3zxef-
CTBHA HabA0naeTCS BHPABHHBAHME BeAHYHH & H e (s,=¢), HO
AHUIL B OYEHB PEAKHX CAYYasdAX ¢ MPEBHIUIAET s,.

B Tex cayuwasx, xoraa e, =g, cesexTHBHHA XapakTep npossie-
HHR 06ycn0OBAEH, KaK H CACAYET OXHAATh, TEM, YTO P,> P, B stom
CAyyae, Kak MOHATNO H3 ¢opmyan (18), U=K - W, 1. e.

ﬂzﬂ_ (44)
P, K

[lpHMepoM TaKHX OTHOMIEHHA MOXET C.yXHTh NPOABAEHHE B METO-
JIOBOM MNPOSBHTEAE C EAKHM HAaTPOM AJHTENBHO XpaHHBLEACH
NO3HTHBHOR KHHONNEHKH SMyAbCHH 617 (Ta6anua 20). Beanunmuu
U, npusepennue B Tabauue 20, GLAH BHYHCACHH, KAK H BeAHYHHH
Tabauuu 19, no dpopmyae (38).

B stoM cayuae (¢,=4¢), xkak BHAHO M3 Ta6anum 20, BeAHYMHH
P, npesnwaer P, B CpaBHHTEAbHO He6OABIIOE YHCIO pas.

Hna
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TaGauna 20

Beauuunwl ¢, U, W NTPH NPOABACHUH NMO3HTHBHOR KHHONNECHKH B METOAOBOM
MpONABHTENIE C €IKHM HATPOM

I130THOCTH, NPH KOTOPHX ONpeaeneHb BEAHYHHb U W E;

o

0.2 [ o4 [ 06 08 10] 1,2] 14| &

oy 24 22 23 23 23 23 23 23

e 22 24 23 22 24 23 23 23

Ae 2 -2 0 1 —1 0 0 0

U (15°) 830 760 820 820 800 810 820 | 810

U (25°) 750 830 820 180 840 810 820 | 810

W = P;/Ps (15°) 8,3 7,6 8,2 8,2 8,0 8,1 8,2 | 8,1
W - PPy (25°) 7,5 8,3 8,2 7,8 ! 8,4 8,1 8,2 | 8,1

[lpeacraBnaser HuTEpeC npocaesHTb 3aBHCHMOCTD BEJHYHH
W (P,/P,) oT 3MyAbCHOHHLIX dakTOopoB M OT yci0BHA npoABACHHS
NPH HaH6O/ee€ 4acTO BCTPEYAIOUEeMCH OTHOWEHHH g >e,

B ra6auue 21 npusesenn Beauunus Ae, W u U'fan 6pomottono-
cepeGpAHOR PoTOrpadHuecKOl 3MyNbCHHY, NNOABEPTHYTOA pa3NHyHOMN
CTENCHH BTOPOro cospeBaHHs. BeaHuHHW e, m e, Aas 3Toro xe
ONuHTa 6LJH NMPHBeAEHH BHile (TabaMua 10). O6o3Hauenus e u e,
UPHHATHE B TaGauue 21, 03HAYaIOT, YTO BEAHYHHM ¢, B NepBOM
Cayuae (e;) O6uan onpeneneHn npu IgH,=—0,5 a Bo BTOPOM
cayuae (e) —npu IgH,=0,7. BeaHuHHH &, OTHOCATCH K cpeanHen
HACTH, @ BEJHYHHM & — K BepXHEeM YaCTH NMPAMOJHHERHOTO yyacTka
XaPAKTEPHUCTHYECKHX KPHBHX. Besnunnw U, npuBemeHHue B Ta6-
AHue 21, 6uAH BHUYHC/EHH, KaK M B NpeAHAyIHX CayyYasx, NpH
noMouwn ¢opmyan (39). .

Kak Buano u3 ta6bauum 21, BenHuunm W (P,/P;) 3aBucar ot
CTENEHH CO3peBaHHA 3MYJbCHH H OT TOro, K KakoH YacTH Xapak-
TEPHCTHYECKOH KPHBOH OTHOCHTCH 3Heprus e. C yBeJHYEHHeM npo-
AO/KHTE/ILHOCTH CO3peBAHMA BeaHuHHn W Bospactaior. Oanako
IIDH BPEMEHH CO3PEBAHHH, KOTOPOE MOXET HMeThb NpPaKTHYECKOe
3HayeHHe (B HaweM onuTe 1;2 1/2 U 4 vaca CO3peBaHHA; MAKCHMYM
CBCTOYYBCTBHTEJBHOCTH Ol AOCTHFHYT NPHMEPHO NpH 3-X vacax
CO3peBanus), Beanunin W upeasrnuafino Manu (nopsaxa 10—-1%—10-%).
CaenoBaTenbHO, CEEKTHBHOCTB NPOAABJIEHHA BO BCEX 3THX CJayyasx
06yc/0B.1eHa TeM, YTO 3HEpPrHs AaKTHBALMH NPOSBNEHHA BYyaJH
6onblle  3HEPTHH AaKTHBALHH NpoABJAEHHR H306parKeHHs (e, >¢),
a4 HE KAKHMH-TH6O ApPYrHMH (aKTOpaMH. Hpyramu caosamu npea-
/OXCHHAA HaMH rHnoTesa (CM. pasaean 1 u 3) okaswBaercs cnpa-
BEAJHBOM,

Maaue Beanunnn W MoxHO (H3HueCKH HHTEPNPETHPOBATh TaKHM
06pasoM, 4TD YHCAO 3MYJbCHOHHHIX 3eped N, o6aajawuux cBeTo-
YYHCTBHTEIBbHOCTLIO, NOCTATOYHOR AJS TOro, YTOGH NoA AeHCTBHEM
AdHHOA IKCMO3HUHH CHH3HTH 3HEPTrHIO aKTHBALHH NPOSABJEHHA Ha
HEKOTODYIO BEAHUYHHY Ae, OTHOCHTEJNbHO YPe3BHYailHO Maao. C yBe-
AHYCHHEM CTENEHH CO3PEBAHHH YHCJO CBETOYYBCTBHTEABHHX 3epeH
(N;)Bo3pacraer. B peaynbrate atoro yBeaHuYeHHA N, MOXHO 6HJO 6K
OKHMAATL BO3pacTaHHA cesnexTHBHOCTH U. B HekoTopo#t creneHu

H3
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Ta6anua 21

1 st mgoais o g 1 A

Beanunnm ¢, U, W npu npossaennn B npossnTese YuGucosa GoTorpaduueckof SMyASCHN pasHOA cTemenn co3pesaHun
Yy He | &g Hy
Maornoctu, npu KOTOpHX onpeneseHn BeaAHYHHw s, U, W R
0,4 0.6 0.8 1,0 0,4 0.6 0.8 1,0
a. 1 wac smopo:o cospesanus
As 15 16 - — | 22 23 - -
U (15°) 2340 2000 - — , 11700 13300 - -
U (25) 920 900 - — : 3100 3450 2870 -
W (15 1,3-10~'° 1,9.10~1 — — 3,5.10715 6,9-10"'¢ - —
W (259 1,2-10710 1,9-10~1 — - 3,3.-10°16 6,7.10"18 — —
6. 2,5 waca smopoz0 cospesanun
Ae 1 14 15 — 15 18 18 -
U (15°) 3730 4100 4300 — 8080 8170 8270 -
U (25°) 1940 1830 160 — 3230 3000 2770 —
W (159) 1,7.10~7 1,2-10° 2,3.10-10 — 4,3.10°10 2,4.10712 2,5.10~12 —
W (25°) 1,7.10~7 1,2.107° 2,3.10~10 — 4,1.10710 2,5-10712 2,3.10712 —
8. 4 waca IMOpOZO CO3p@BUHUR
A¢ 7 9 11 11 15 16 17 18
U (15 950 960 960 960 2480 2400 2210 2330
U (25%) 640 600 510 410 1070 S00 850 830
W (159 4.6.10715 1,4.10°8 4,3.10"8 4,3.108 1,3.10-10 2,3.10~ 1 3,7-10°12 7,0-10~13
W (25) 4,7-10°5 1,5-10% 4,410 3,5.1078 1,4-10710 2,2.10~ 1 3,8.10°12 7,0.10—1
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310 o6HapyxuBaetcsl (cp. Beauuunn W u U) npu IlgH, nas 1 daca
u 2,5 yacoB co3peBaHus (Tab.Mua 21).

OHaKO 3HAYHTEABHO OTYeT/HBee OOHapyXHBaeTCs Apyras TeH-
AeHuHA: ¢ yBeauuennem W B pesy.abTaTe YBEJIHYEHHA TPOLOJINKH-
TeNbHOCTH CO3peBaHHsi BeaHuHHb U pe3ko CHUKAWTCH. 3to 06BsC-
HAETCH, OYEBHAHO, TEM, YTO 3MY.bCHOHHBE 3€pHa, CBETOUYBCTBH-
TeNLHOCTb KOTOPHIX BO3PaCTaeT B Mpolecce CO3peBaHus, CTAHOBATCH
G6onee naGHNBbHHMH He TOJBKO MO OTHOLIEHHIO K AEHCTBHIO CBETA,
HO M 1O OTHOWIEHHI0 K AEHCTBHIO MNPOSIBHTEJA, T. €. H3 TrPpynnbl
3epeH H306paxeHHs OHH NEpPexXoasT B rpynny 3epeH ByaJH. s
JNUTENbHO CO3PEBABUIMX 3MYJAbCHA BeJHYHHBl & H ¢ CTAHOBATCHA
NPAKTHYECKH OAHHAKOBHMH (Ae=0). B 3toM cayuyae CeJEKTHBHBIMH
XapakTep nNposiBAeHHs OOCYCJOBJEH TeM, HTO 'HCJA0 3€peH N,
HeCKOoAbKO 6oabule 4Hcaa N,.

U3 ta6anus 21 BHAHO Take, YTO BEJIHUYHHBI W He 3aBucat or
TemMnepaTyps mnposBaeHus (npu 15° H 25° OHH OAHHAKOBH). JTO
O6bACHASTCH TeM, YTO BeAHYHHB P, u P, nouTH He H3MEHATCH C
H3MEeHEHHeM TeMnepaTyps (BO BCAKOM C.lyyae, B TOM HHTEpBAaae
TemMnepaTtyp, B KOTOpPOM MH paGortaau). dro 06GCTOATENLCTBO
JAHUWHKA pa3 yKa3blBaeT Ha MPaBOMePHOCTH UCMO.1b30BaHHUA hopMmy bl
(13) a1 BHYHC/JEHHS IHEPrHH AKTHBAUHH MPOABJICHHA.

Kak BHAHO M3 Ta6auubl 21, BeJHYHHB CEJEKTHBHOCTH MNposABJE-
nust (U) ¢ yBenuueHHeM MPOJOJIKHTENLHOCTH CO3DEBAHHA MPOXOAST
yepe3s MakCHMyM [15]. ONHAKO 3TOT MaKCHMyM JEXHT NDH pasJauu-
HHX TNPOAO.KHTEAbHOCTAX CO3PEBAHHA, B 3aBUCHMMOCTH OT TOTO,
K KaKkOW 4YaCTH XapaKTEPHCTHUECKOH KPHBOM OTHOCATCH ONTHHECKHE
nA0THOCTH D;, 110 KOTOPHM OlpeLeNsOTCH CKOPOCTH U;, BXOAAUIHE
B BHPAaXEHHe CeJeKTHBHOCTH U. JTO CBA3aHO C TEM, YTO MAKCHMYM
CBETOYYBCTBHTEJAbHOCTH, OMNpeJe/ eHHHA NpH pasHLX KPHTEPHAX,
AOCTHTaeTCs MNpHU Pa3jHYHHX NPONOJIKHTENLHOCTAX co3peBaHHA®).

lMpocaeauM Tenepb 3aBHCHMOCTL BEJHYHH W or ycaoBu#t nposB-
neHus. U3 dakTopoB, OTHOCAWIMXCA K YCAOBHAIM TPOABAECHHA, MH
paccMOTpHM ABa: 1) BausHHe BBejleHHs GeH30TpHasona B MpOABH-
Teab H 2) BAHAHHE BhI6Opa NPOABASAIONIErO BELIECTBA.

Kak yxe 6mao ykasaHno (pasnen 11; cM. Takke [17]), BBeaeHnue
6eH30TPHA30Ja B NPOSBHTEAb NPHBOAHT K YyBEJHYEHHIO SHEPTHH
AKTHBALUMH NMPOSBJEHHS Byaad (¢;) M NMOUTH HE CKA3HBAETCA HA BL-
JAMUYHHAX SHEPrHM AKTHBALHH MPOABJAECHUA H306pAKEHHA (¢;). B Ta6-
Auue 22 npHBEAeHH BHOBb MOJYyYeHHble Pe3yabTaThl: CBeTOUYBCTBH-
Te.IbHBA MaTepHan — GOTONJACTHHKH C 1aGOPaTOpHOH POTOIMY -
cueit, npoasuTe1b Yu6HcoBa 6€3 GPOMHCTOrO KaJHi. B raGauue 22,
HOMHMO BENHYHH €, ¢ M Ac MPUBeleHH TaKxKe BCIHUHHEL Umn
Ce1eKTHBHOCTb npossaenus U sbiunciena no gopmyae (39).

M3 Ta6anubs 22 ACHO, 4TO YyBe HUeHHe CEJACKTHBHOCTH IIPOAB-
nenun (U) B pesysabTate BBeaeHHs OEH30TPHA30.1a B NPOHBHTENDL
06YyCJOBJEHO yBEIHUEHHEM PpasHOCTH Az, a HE YBCIHUCHHEM MHO-
kuTeas W, tak kak Beanunns W npH BBedeHHH G6en30TpHA30.a
He yBEAMUHJHChL, a YMEHBUIMJAHCH (HAH OCTA.IHCH 6e3 H3MeHeHHH).
CaeaoBaTeNbHO, BBeAcHHe OeH30TPHA30J/a OKa3biBaeT /JABOAKOE H
NPOTHBONOJIOKHOE AEHCTBHE Ha CEJeKTHBHOCTh. C OAHOW CTOPOHLI,
OHO yBeJHYHBaeT Ae M TeM CaMbiM YBEJHUUBAET U, a ¢ apyro#t —

*) 310 obcToATeabcTBO Gonee NOAPOGHO Mbl NpeanoraraeM paccMOTpeTHL B
cneuHanbHol cTathe.
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Ta6anua 22
Baunnne BBeeHHS GEH30TPHA30Aa B NMPOSBHTEAb Ha BeaHYHnM ¢, U, W
OntHYeCKHe HJIO;‘:J(I):::,HSP: ;cjc')r‘c;,pux onpeaeieHu CpenH.
- (nopanok
0,2 0,4 0,6 0,8 1,0 | Beanuun)
a. [Tpossumeans 6e3 Gensompuasora
Yy 21 22 22 23 - 2
5 13 13 13 13 13 13
A 8 9 9 10 — 9
U (15°) 1900 1900 1900 1750 — 1900
U (25°) 1200 1200 1100 960 - 1200
was) | 1,6.1075 | 2,810 | 2.8.107° | 451077 | — 10°
i w2 | 1.6:10°5 | 3,010 | 2,8.107% | 4,4.1077 | — 10~
6. 0,05 2 Gensompuasosa xa 1 A npossumesn
y 2 24 24 24 — 24
. 14 13 13 13 14 13
As 9 11 11 11 —_ 11
U (15°) 12800 10100 8070 6750 - 10000
U (25°) 7300 5300 4100 3600 — 5000
W (15° 1,9-10-% | 4,5-10°7 | 3,6.1007 | 3,0.1077 | — 107
W (25°) 1,8-.10°5 | 4,5.10°7 | 3,5.10°7 | 3,1.1077 | — 10”7
8. 0,2 2 6ensompuasosa xa 1 A npoRsumesn
g 23 21 25 26 - 25
“ 14 13 13 13 14 q;
Ae 9 11 12 13 - 12
U (15°) 19200 13700 11100 9750 — 12000
U (259) 11140 7440 5500 4670 —_ 6000
was) | 281073 | 6,1.1077 | 1,1.1077 | 1,7.107% | — 1077
W (25°) 28105 | 6,4.1007 | 1,1.10°7 | 1,7.10°% | — 107

yMmenbiiaer W u Tem caMbiM cTpemHrcs ymenpmuth U. OaHako
yBeaHueHHe As Ha 2—3 KKaA4 OKa3HBAETCH 3HAYHTEAbHO Goaee
3¢ ¢PeKTHBHEM, YeM yMeHbuwieHne W npuMepHO B AeCATb pas, Tak
kak Ae BxoauT B popmyny (18) kak mokasateab cremend, a W cay-
KHT TO.IbKO MHOXHTEJNEM B BHPAaXEHHH ceJekTHBHocTH U.
Mpeacrasaser HHTEpPEC BHACHHTb, 33 CYET 4Ero MPOHCXOAHT
ymeHbienne W npH BBeaeHHH G6eH30TPHAa304a B MNPOABHTENb — 33
cyer ymeHblleHHA P, unu ysennuenus P, CooTBeTCTBYIOWHA pacyeT
noka3piBaeT, 4TO B ONHTE, Pe3yabTaThH KOTOPOro NPHBEAEHH B
TaGanue 22, npd BBeAEHHH GEH30TpHa3oAa BeJHYHHA P, ocraaacb
TMOYTH 6e3 H3MEeHeHHH, a BeJHyHHA P, yBeJHUHJACb -MPHMEPHO B
aecath pa3. IlockoabKy, Kak MH yka3nBaaH, BeJHUHHa P, mponop-
UMOHAAbHA YHCAY 3epeH N, OueBHAHO, YTO BBEAeHHE GEH30TpHa3oJsa
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B NPOABHUTENb IIPHBOJMT K YBEeNHYEHHIO 4YHCAA 3€peil, TpeOy.OlH X
60/ee BHCOKOH 3HEepPrHH aKTHBAaUHH MPOSBAEHHA.

MOXHO NpPEeANONOKHTb, Y4TO GEH30TPHA30] agcopbupyercs MnpH-
MEpHO B OJHHAKOBOA CTENEHH HA BCEX 3MYAbCHOHHBIX 3epHax, HO
3Ta aACOPOUHA HE H3MEHseT CBETOUYBCTBHUTEJNbHOCTH 3MyALCHOH-
HBX 3epeH H CKpHTOe H306paxKeHHe Ha HHX o6pa3yercss MOUYTH
TaKk ke NAerKo, Xax Ha 3epHax G6e3 Gensorpuasona. [lockoabky
MECTOM Ha4a/a peaxKuHH NpPOosBJEHHd, B CAydae 3KCMOHHPOBAH HHX
3epeH, CAykaT cepeOpsHHe 3apOAHWH CKPHTOro H306paxKe HHA,
6eH30TPHA30/1 He OKAa3WBAeT CYUIECTBEHHOTO BAHAHHA Ha HEPTHIO
AKTHBALUWH NPOABAEHHA H306paxenHs (g). Ho npu mnposiBAEHHH
ByalH MEPBHYHHMH UEHTPAMH NPOABAEHHS MOTyT CAYXHTb, MO-BH-
AMMOMY, He TOJAbKO CepeGpsiHbe HAM ApYrHe NpHMECHHe LEHTPH,
HO TaKKe CO6CTBeHHbE Ae(EeKThH KPHCTANNHYECKOH PelleTKH. OaHako
6eH30TPHA30M, AACOPOGHPYACH HA 3MYJbCHOHHHX 3epHax, MOXET,
xoTA 6h YACTHYHO, 3aKPHThb YyKadaHHue nedekTH. B pesyabrate
3TOr0 BEPOSTHOCTb NpeBpauleHHs AedeKTOoB B cepeGpsiHbe UEHTPH
yMEHbUWAETCH, YTO MOXET NPHBECTH K YBENHYEHHIO & H IV,

O6paTuMcA Tenepb K MNPOABNAIOUIUM BEULECTBAM. B rtabauue 18
6mMAM TNpPHBEAEHHW BEAHYHHH ¢, ¢, Qe H U, noayveHHbie MpH
pa6oTe ¢ PA3AHYHHMH NPOABAAIOUHKMH BEWECTBAMH. B rtabaunue 23
LIS TOTO Xe ONHTa NpHBeAeHH BeAHYHHH W

Tabauna 23

BaAHSHHE NPOABASIOMEro BEMECTBA Ha BEAHYHHM Ae, U, W npu nposiBACHHH
a9PONACHKH B NMPONBATEARX CTAHARPTHOrO COCTana

U | 1'%
[Tpossasouiee —_— S
Tpynna BEIECTBO e 15° 25° 15° 25°
Mupokatexus . .| 10 265 190 7,7-107%( 9,9.107°
Oxcn- | Cnapoxunon . .| 6 95 50 2,8.107%| 2,1.107°
Genszoan | Xaopruapoxuuwon | 9 185 105 3,0-1077] 2,9-1077
Muporaanoa . .| 7 200 100 1,0.10°%| 0,8.107°
Mapaaunnodenoa| 13 500 250 8,0.1071° 8,5.10"1°
Aunno- | Tamumnu. . . . . 14 260 150 7.3-10-M[ 9,7.107%
denoan | Ifxonorew . . . 7 150 105 8,0 10°%| 8,4 10-°
Meton . ...| 5 240 200 4,1-1074] 4,6.107*
MeTtoxusox . . .| 6 180 135 54-10°5| 58-.107°

Kak BHAHO H3 3TOR TaG ML, NPOABAKIOUIHE BeulecTsa Mo BeE-
auuuHaM W CylleCTBEHHO Pa3/HyaioTCA MEXAY co6o#f. [lpeacraBaser
HHTEpeC TO OGCTOATEJBCTBO, 4TO napaaMHHOdeHoay W TJHUHHY,
BH3LBAIOWHKM 1IPH NPOABJEHHH BeCbMa MaJlyio Byaib H Xapak-
TepH3yeMHM GONbUIHMH BeAHYHHAMH &, (cooTBETCTBEHHO 29 w
26 xKaA|MoAb, cM. Ta6auuy 18), CBOACTBEHHH BeCbMa Maahie BEJH-
uunn W. B TO Xe BpeMs AAf BewecTs, B 60/blied CTENEHH CKAOH-
HWX BH3WBaTh ByaAb NPH TNPOABJAEHHH, HAMpHMep NHPOraaanon H
MeTO/ (BeTHYHHH 8, COOTBETCTBEHHO 15 1 14 kKaA/MOAb) XaPAKTEPHH
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peanyHHH W, Ha HeCKOAbKO MOPAAKOB Ooabuie, 4eM B CayHanx
napaaMHHodpenHona H TraHUHHA. ﬁauuoe O6CTOATEABCTBO, OJdHAKO,
BNO/MHE 33KOHOMEPH®: YHCJIO IMYAbCHOHHHX 3ECpeH, TPeGYyiolllHX Bh-
cokof 3HEepPrHH aKTHBGUHH MPOABJEHHA BYanH (B CAy4afAX NapaamH-
HOQeHO1a M TAHUHHA) BEJHKO NO CPABHEHHIO C YMC/IOM 3epeH, Tpe-
6yOHX OTHOCHTEAbHO MaJOH 9HEPrHH aKTHBAUWH (B Caydadx
WeTOAa M MHPOranno.Ja).

To 06CTOATENBLCTBO, YTO NPH NPOABJAEHHH Pa3AHYHBIMH NPORABAA-
IOWHMH BeulecTBaMH BeaHYHHH W CyumecTBEHHO Pa3/HYRIOTCH, 3aBH-
cutT or psaa ¢akropoB. CpeaH HHX MOXET HMETb 3HavYeHHe
pasaudHas aacopOHPYyeMOCTh NPOABAAOUIHX BeulecTs Ha cepebpe
UEHTPOB IIPOABNEHHS, YTO NOHATHO H3 CJAEAYIOIIHX COOBpaxeHHd.

B npeaskcinoHeHuHajibHue MHOXKHTeAH P, M P, nOMHMO KOHUEH-
TPauURA pEarHpyiOlUHX BellecTB, MOTYT BXOAHTb Takxke Apyrue da-
TOpM, OKa3HBAOUHe BAHAHHE HAa CKOPOCTb peakuuH. CpeaH 3THX
$axTOpPOB MOXET HMETb 3Ha4YeHHe JIHTeJAbHOCTb npebLBaHHA pea-
FMPYIOIIHX BEUeCTB B CONHKEHHOM COCTORHHH, a 3TO MOXeT OHTb
CBN3aHHO C aacopbuuedA MNpPOABAAIOUIHX BEILECTB HA 3MYAbCHOHHMIX
sepuax. OQueBHAHO, yeM 6oablle CHAN aACOPOUHH, KOTOPHE 3aBHCAT
XaK OT COCTOHMA TNOBEPXHOCTH, Ha KOTOPYIO NPOHCXOAHT aacopl-
UM%, TaKk H OT XMMHYECKON NPHPOAN H COCTOAHHA NPOABAAOMIErO
seulectTsa, TeM Gosablue cpeiHee BpeMs COAHXEHHA pearHpyOUHKX
qacTHU, 6oJbwe BEpPOSATHOCTb PeakuHH H 6o/blle NPeAIKCNOHEeH-
LHANBHHA MHOXHTEb.

Coraacho teopun A. U. Pa6unosuua (39}, aacop6uus npossas-
JOWHKX BELWECTB MPOHCXOAHT NPEHMYLIECTBEHHO Ha cepebpe ueHTpos
APOABAEHHA, a HE Ha rajsoreHHae cepebpa. 3MYyJAbCHOHHOTO 3€pHa.
MousTtHo, YTO pa3sHyHaf aacOPOGHPYEMOCTb NPOABAAIOHIHX BellecTB
Ha LeHTPAaX CKPHITOrO H306paXKEeHHA MOXeT GhTb OAHOH H3 NPHUHH
pa3nHuHa BeaHuHH P, OaHako, BONpoC, B KAKOH CTENEHH 3TO mpea-
NMOAOXKEHHE MOXET HMETb CHJAYy, OCTaeTCA OTKPHTHM, TaK KaK Mb
He pacnoJjiaraeM 3KCHEePHMEHTAJbHRLIMH AAHHHMH MO OTHOCHTEAbHORA
aacopOHPYEMOCTH Pa3NHYHHX TNPOABJIAIOWHKX BEWECTB Ha LEHTpax
CKPHTOro H306paxKeHHH.

Ta6anua 23 nokasniBaeTt, 4T0 BeJHYHHH W, XOTH H CymecTBEHHO
PA3AHUAIOTCA Mexay coloff, BO BCeXx CAy4asx OHH YPe3IBHYAAHO
Manu (ot 10-* g0 10-1). CnreaosateabHo, 3aecb, kak H BooGuie-s
noaasasiouweM GOJbLUIMHHCTBE CJAyvaeB, CeNeKTHBHHA Xxapakrep npo-
ABNEHHS OGYyCAOBJIEH pa3/JHYHEM ISHEprufl aKTHBANMH NPOSABACHHSA
ByaaH M H306pamenus (z,>>¢), & HE KaKHMH-1H60 APYrHMH ¢axro-
pPaMH. :

15. Mexann3m H30upateabHoro aecfcrsma npossuteach
Ha doTorpaduyeckue caon

B 3axaioueHHe 3TO# CTaTbH, OCHOBHBAACL HA NPHBEXEHAHX
Bhllle SKCNEPHMEHTAJbHHX pe3yaAbTaTax, Mb XOTeAH Onl KpaTko
CPOpMY HPOBATH OCHOBHMWE HAIUH NMPEACTABAEHHR O MEXaHH3ME M3-
6HpaTenbHoro AeACTBHS mnposBHTened Ha QoTorpadnyeckue CAOH.

B dortorpadpuueckuit cAo#i, KaK TOABKO OH MOTPYXKEeH B NPOABH-
Teb, IPH HOPMAJbLHBIX YCAOBHAX BeCbMa 6LICTPO MPOHHKAIOT COCTAB-
HhMe YacTH mnposiBasioulero pactsopa. Habyxawouwuit xeaarnxosuf
CA0R CAYXHT KaKk 6bl HaCOCOM, 3aCacHBAIOUHM TpossHTeAb. Tawwm
06pa30M, BECbMa CKOPO MOCJAE NOTPYKEHHA CAOS B PACTBOP SACTARM
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SESVSr Y

(MOHH HAH MOJEKYJAH) NPOSABASIOUIEr0 BellecTBa BCTYMAlOT B KOH-
TaKT C 3MYJbCHOHHHIMH 3€DHAMH, KaK 3KCMOHHPOBAHHHIMH, Tak H
HEeIKCNOHHPOBaHHHIMH. OJlHaKO peaKluHs BOCCTAHOBACHHS cepe6pa B
nepshe MOMEHTH B Cayyae mnposBHTeneR BHICOKOA CTEneHbio
HSGHpAaTEABHOrO AeACTBHA, HAYHHAETCH TOJBKO HAa OTHOCHTEABHO
MAaJOM YHCJE 3epeH, Ha MOBEPXHOCTH KOTOPHX BOCCTAHOBJEHHE rajo-
renuaa cepeGpa TpeSyer MaaoR sHepruu aktHsauud. Ha mnosepx-
HOCTH STHX 3epeH UMEeTCS KaTajlH3aTop, CHHXKAIOUHA 3HEPTHIO AKTH-
BALHH NPORBAEHHA. TO rJaBHHM 06pa3oM 3KCMOHHPOBAHHHE 3€pHa,
KATANH3aTOPOM Yy KOTOPHX CaykaT cepe6pAiHbe UEHTPH CKPH-
Toro n3o6paxenHs. OJHAKO HMeeTCA HEKOTOpoe BeCbMa HE3HauM-
TeNbHOE YHCAO HEIKCIOHHPOBAHHHX 3epeH, (T. e. 3epeH Bya.H), AJf
nposBAEHHA KOTOPHX TPeOyercs Masas 3HEePrus aKTHBALHH. O6Dbsac-
HAETCA 3TO TeM, YTO Ha HX NOBEPXHOCTH HMEIOTCA YaCTHUH, KaTa-
NH3aTOPa B BHAE CepeGpPAHHX M CEPHHCTO-CepeGPAHHX UEHTPOB,
06pa30BaBLIHXCA B [Ipoliecce CO3peBanuA POTOrpadHIecKod SMyIbCHH.

MOXHO NPEeANONOXKHTb, YTO, OGPATHBIIACH K NMPOABACHHIO OTAE/b-
HOTO 3MYJAbCHOHHOTO 3epHa, MH Ha6a0AanH OH NOCTENEHHOE CHH-
XeHHe SHEepruH aKTHBALHH NPOABJEHHA MO Mepe TOro, Kak KOJH-
yecTBO cepe6pa (T. e. KaTaaH3aTopa) Ha 3epHe BO3pacTaet B Npo-
necce npossaenHs. [IpeaesoM CHHKEHHA SKCMNEPHMEHTAIbHO ompe-
aeaseMOfl 3HEPrHH aKTHBAUHH NPOABJIEHHA CAYKAT BEJIHYHHH 6 —
8 KKAA/MOAD, T.€. BENHYHHB, OTHOCALIHECH K TEMIepaTyPHHIM 3aBHCH-
MocTAM AHGQY3HOHHHX SIBJEHHHA, a HCTHHHAA 3SHEPrHsf AKTHBALHH
peaKuUMH NPOSBJAEHHS CTAHOBHTCA NPAKTHYECKH PABHOR HYyJIO. [1o-BHu-
AHMOMY, NMPOsiBJEeHHE J1060ro SMyJ1bCHOHHOIO 3epHa, HaYHHAA C He-
KOTOPOrO MOMEHTa, KOFAa HAKOMJEHO AOCTATOYHO GOJbLIOE KOMNH-
4ecTBO KaTanu3aTopa (cepe6pa), mpoTekaetT C HYJEBOA HCTHHHOH
9HeprHef akTHBalHH (T. €. ¢ Kaxyuefcs 3Heprued AaxKTHBAlHH TIO-
paLka 6—8 xxaa|moss).

KcnepUMEHTaAbHEE HCCAEAO0BAHHS TEMNIEPATYPHHX 3aBHCHMOCTER
NposABJEHHA OTAEAbHHX 3€pPeH, K COXKAJNEHHIO, TOUYTH OTCYTCTBYIOT.
Ham H3BeCTHa TOAbKO OAHa pa6ora B 3ToM HanpaBaenuu [40], B
KOTOPOA nyTeM HaGAI0AEHHA NOA MHKPOCKOMOM NpPOABJAEHHS KpH-
ctanna AgBr npu pasHbix TeMmnepaTypax Gui/0 HaRjeHO, 4TO 3KCMeE-
PHMEHTANbHO ONpeje/eHHas 3HeprHfi aKTHBAUHH mpouecca pasHa
6 «Kxaa/mM0As. Ha OCHOBaHMM 3TOrO M APYTHX HaGaiojeHH#A B paGore
[40] 6nan caenaw BHBOA, YTO CKOPOCTh BOCCTAHOBJAEHHA cepebpa
B KpHCTaaxe omnpeaensercs AHGGDY3HOHHHMH TNPOUECCAMH. 3rtor
pe3y/abTaT, Kak CJaelyeT H3 BHIIECKAa3aHHOro, sABJAAETCA BroJue
NOHATHHM H, B CYULHOCTH, TPHBHaAbHHM. Bunao 6u Goaee HHTE-
PECHO OMNpeAe/]HTb IHEPTHI0 AKTHBALHH CaMHX HayaabHBIX craaui
NposBAeHHs OTAENbHHX 3MYNbCHOHHHX 3€peH, Tex CTaiuh, Koraa
KOAHYeCTBO KaTaAH3aTopa Ha 3epHe onpeaeasercs NpeallecTBylo-
WHMH NIPOLECCAMH (CO3PEBAHHEM H SKCMOHW[OBaHHEM), HO He npo-
aBieHHeM. HeCOMHEHHO, YTO B 9TOM CAydae 3epHa Tpe6oBanu Gu
CaMbiX Pa3HOO6Pa3HHX SHEPrHft aKTHBALHH H pacnpeaeseHHe YHCAa
aepen (N) no BeaHYHHAM ¢ AJISi SKCMOHHPOBAHHHX (i) ¥ HESKCNOHH-
poBaHHbX (f) y4acTKOB CJIOfi, NO-BHAHMOMY, NIPHMEPHO COOTBETCTBO-
Balo Gbl KPHBHM i M f, NPUBEAEHHHM Ha pHC. 7.

O1HAaKO BO3MOXHOCTb NMOAOGHOTO 3KCIEPHMEHTAJbHOTO onpejne-
JICHHA OCTaeTcA HesAcHON, TaKk Kak Ha6a0AaTb NPOABJIEHHE OTAE/b-
HOrO 3epHa NPH TNOMOILH ONTHYECKOTO MHKPOCKONA MH MOXEM,
HayHHa# C TOH CTAAHH, KOrja cepeOpAHnA 3apoAbul NMPpeACTABAAET
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CO6OA OTHOCHTENBHO MacCHBHMA Kycok cepebpa, noayuessoro B
npouecce mnpossaenus. IIpumenenne 3/1EKTPOHHOrO MHKpockona
BECbMA 3aTPDYAHHTENbHO, TaK KaK Mu He MoXeM Ha6awaat, 3a
NPORBJEHHEM OAHOTO H TOro e 3épHa. B aToM caywae MmoxHO

[41]. 3toa merox, HCNOJb30BaHHA HaMH, XOTH W gaer CTaTHCTHyYe-
CKME DEe3yJbTaTH, HO KOHCTATHPYeT HanHume rpynn 3epeu, Tpe6y-
IOUIHX Pa3THYHOA SHEPrHH aKTHBALHH NpOsABACHHS.

N

- §

Puc. 7. lNpeanoaaraenume KPHBHE

pacnpenexenus uncia SMYABCHOHHWX

3eped (N) no peansnnam SHepruu

AKTHBAUNK () NPOABAERHA SKCNOHH-

POBAHHWX (i) M HESIKCNOHHPOBAHH WX

(/) yvacrkon dororpaduueckoro caon
NIPK YCAOBHH, 4yTO G©>e

Hrak, aas SKCIIOHMPOBAHHKX H HESKCIIOHHPOBAHHKIX 3epeH MM
MOXEM INOCTPOHTb KpHBHe PACNpenesIeHHA 3€peH MO BeAHYHHaM
SHEPrHH aKTHBAUHH ¢ (MOaOGHMe TEM, HTO nNpHBeAeHW Ha pHC. 7),
OpHYeM nox s noapasymesaercs SHEPrHA aKTHBALHH CAMOH Hayasp-
HOR CTalHH mposBAeHHs 3epHa. Uem Goabwe s, Tem 6oable HHAyK-
QHOHHWA nepHoA nposBreHHs 3€pHa (RO cTaaMH, Koraa Kaxyuascs
SHEPTHA AKTHBAUMM CHHXeHa a0 AHGdy3HOHHOTO 3HayeHHd, T. e.,
MO-BHAHMOMY, 20 TOH CTaauu NPOABACHHA, KOTOPYIO MOXHO Ha6.i0-
AaTb B ONTHYECKHA MHKPOCKon). Yem 6oabwe yucao 3epeH, Tpebyio-
IUHX BHICOKOA 3HEPrHH e, Tem moaxe MOABATCA CAGAW MOYEpHeHHs
TIpH NpOABACHHH CAOA, TeM MeaseHHee Gyaet nporekars npoaB/eHHe
A3HHOrO y4acTka cJo4. Hs6uparenbuun XapakTep nposBaeHHA 06y-
C/OBJEH HMEHHO TEM, YTO Ha noasx ByalH HMeeTCHA SHAYHTEeNbHO
6oabuee yucao 3€peH, Tpebyouux Goaee BLICOKOR SHePrHH akTH-
BAUHH HaYa.a nposBAeHHN, YeMm Ha SKCIIOHHPOBAHHKX MOAAX CJOf.
Ecau 6w kpuBme i u J (puc. 7) COoBNana/H, ceNeKTHBHOE NposBAEHHe
6bi10 6K HEBO3MOKHO.

B Tex cayuasx, koraa SHEPIHS aKTHBAaUHH nNpoABAeHHN HesKcno-
HHPOBAHHHX 3€peH pesko CHHXEHA, PesKO CHMXaercs, W CeNeKTHB-
HOCTb MPOsABAEHHA. 3TO MOXeT 6mTh P€3yabTaToM pasHux 06cTO-
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STE/AbCTB: PeSyAbTATOM HCNOAB30OBaHHA BellleCTBA, BOCCTaHABJ/HBAIO-
Hlero raaoreHHa cepe6pa ¢ HyjaeBofi sHeprueR aKTHBaUMH (HanpH-
Mep CTAHHHT HATPHA), PE3yNAbTATOM CHHXEHHA SHEPrHH AKTHBALHH
NPOABAEHHA 3epeH NpH AJHTEeNbHOM Co3peBaHHH H T. n. Hampotus,
Mo6oe BO3aeACTBHE, NMPHBOAALIECE K YBEAHYEHHIO YHC/AA HEIKCINOHH-
POBAHHHX 3epeH, TpeGyIolHX BHCOKOA SHEPrHH AKTHBAUHKH (HAanpH-
Mep BBeAeHHe GeH30TpHa3ona B NIPOABHTEAb), NPHBOAHT K YyBEJaH- |
YEHHIO CeJIEKTHBHOCTH NMPOABJACHHA. BO3IMOXHH, KaKk Mbl yXe BHACAH |
BHILUE, CAYYaH, KOrja SKCNEpPHMEHTaJbHO onpeneaseMas, CTaTHCTH- i
YeCKH CPeAHAs SHEPrHs s NpoABACHMSA SKCMOHHPOBAHHHX H HESKCIO-

HHPOBAaHHHX YYacTKOB CJOf OAMHAaKOBAa (¢, =g¢), HO NPOSABJIEHHE,

')

Pnc. 8. [llpeanoraraemmie kpHBHE

pacnpeseaeHHn YHCAA SMYAbCHOHHHX

3epeH (N) no BeaAHuUMHAM SHEpPTHH

AKTHBAUKK (t) NPOABAEHHN SKCMOHMH-

poBaHHHX (/) M HESKCNOHHPOBAHHHX

(f) yuactxos ¢pororpapuueckoro caon
MPH YCAOBMM, HTO 3y =y

TeM He MeHee, npoTekaeTr cesekTHBHO. OG6bsiCHeHHe 3TOro o6CTON-
TeAbCTBAa OHJO AAHO BHIE, KPOME TOro, OHO MOXeT OGHTb MOACHEHO
npH noMoutH puc. 8. Kpuene i H f NOAOGHH, NOITOMY SKCNEPHMEH-
TaAbLHO onpeje/seMHe BEAHYHHH ¢, H & O1HHaKOBH. OAHaKO, YHCAO
3epeH, o6aafalOWUX AaHHOR SHepTHe#d ¢, HA MNOAAX H306pareHHA
Goabllle, YeM Ha MOJAAX BYaJaH (BO3MOXHO, 4TO KpHBas f HMeer
BTOPOA MAKCHMYyM, JAexamuf B o6adcr# GOAbLIHX ¢, MPHUYEM YaCThb
KPHBOR f, O603HaYeHHAA NYHKTHPOM Ha pPHC. 8, AAS NPOABACHHSA
BYa/NH He HMeeT MPAKTHYECKOro 3HAYCHHH).

B 3akaoueHHe CTaTbH aBTOP NMPHHOCHT ray6okyio 61aroaapHocTh
yneny xkoppecnonaenty Axagemun Hayk CCCP, npodeccopy K. B. Un-
GHCOBY 3a BHHMAHHE H MNOAAEPXKY NPH TNPOBEACHHH BHIIEH3NO-
weHHOA pa6oTh. ABTOp 6aaronapeH TaKxke CBOHM COTPYAHHKAM —
M. C. Bopoaxkunoft ¥ B. I1. loHaTOBOA — 32 BHNOJHEHHE SKCMEPH-
MeHTanbHOR 4wacTH paboTH.
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3AMEYEHHDBIE ONEYATKH

Haneyartano Hano uurate

crp b %w rpoka [ AgBr 7 + Gel + - Ag Ag T Br~ 4 Gel - Ag
coeps

crp. 27, 16-x cTpoka ¢ TOBHIWEHHEM Tenmepa-l C NOBHILUEHHEM TeNnepa-
cBepxy TypH BHpaXawT Typul BHPACTaloT

crp. 33, cchaka 26 Sci et Ind. Sci. et Ind. Phot.

c'gngy 16-n crpoka (pazaea 1) (paszea 14)

ctp, 100, 8-1 crpoka OT B32HMO3aMECTHYO- OT B3aHMO3aMECTHMO-
ceepxy ctu [32] cth [33)
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